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PREFACE TO THE SIXTH EDITION 


The task of revising a book on a medical subject is not an easy one at tlic 
present time. Advances in knowledge are so rapid that an author is over- 
whelmed by the amount of neAV material Avith AA'hich he is confronted 
The temptation is simply to add what is new. There comes a time, hoAA’- 
ever, Avhen, instead of merely adding more and more material, the task must 
be faced of digesting and assimilatmg the ncAV matter with the mass of 
pre-existing knoAA’ledge. In some ways it is easier to AATite a new book, for 
the danger of pouring new AAnne into old bottles is Avell recognized. 

Never before has the constantly changing character of the picture of 
disease become so apparent. Diseases which formerly were common and 
fatal have disappeared or have become comparatively trivial owing to 
improved preventive met . t .t 

biotics. Diphtheria and ' 
osteomyelitis and a host 

other instances the belt of speech has had to be tightened, just as dead wood 
must be pruned, leaving room for the young shoots. 

Unfortunately new lesions and neAv diseases have appeared in the wake 
of the great Avave of successful therapy. Viral pneumonias have replaced 
the bacterial forms, the lesions of healed periarteritis nodosa and tuber- 
culous meningitis are not AA-ithout danger, and the wholesale change in the 
normal bacterial flora of the boAvel produced by antibiotics may haA'e 
dangerous or e\'en fatal consequences In 1951 over 73,000,000 pounds of 
synthetic chemicals were administered Avith or Avithout good reason in the 
United States, or half a pound for every man, woman and child in the 
country. Chemotherapy and hormonotherapy are only superficially an 
unalloyed blessing, for Avhile solving some problems they help to create 
new ones. It must not be forgotten that what is powerful for good can 
also be potent for evil, and, as Friar Laurence remarks in Romeo and Juliet, 
“virtue itself turns vice, being misapplied.” 

It may assist the reader to list the new material, even though in some 
cases the account has necessarily had to be brief. The new subjects are as 
foIIoAA’s: The miscible pool of uric acid in gout, amniotic fluid and athero- 
matous embolism, tuberculoid lesions, asteroid inclusions, the influence of 
cortisone on inflammation and healing, the concept of field of influence in 
relation to repair, cat scratch disease, saliA-ary gland inclusion disease, 
epidemic hemorrhagic fever, rickettsial pox, erfoliative cytology, throm- 
botic non-bacterial endocarditis, traumatic injury of the heart, deficiency 
myocarditis, the Eisenmenger complex, sarcoidosis of the myocardium, 
coronary artery calcification in infancy, endocardial fibroelastosis, diffuse 
collagen disease, thrombophlebitis migrans, malignant granuloma of nose, 
bronchiolitis fibrosa obliterans, pneumoconiosis due to beryllium, bauxite 
and graphite, intralobar sequestration of the lung, pulmonary monilksjs, 
coccidioidomycosis and histoplasmosis, idiopathic pulmonary fibrosis, 
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circulation in cmphysenja, nnajinM.nal ln.nor.-= a.ul <-.vs!.s tumor _o t ,< 
Sloraus jupularis, Ininnrs and cysts of the jaws, antii.iotm cutcni! ■ t- 

nal pneumatosis, canicola fever, extrapancreatm Irsmns nS dmhrP' ; the 
Ellis concept of <;lomernloncpln-iti?. vacuolar lU'phropathy. papihile^ 
necroticans. Eeiter’s syndrome, infarct ot (lie prostate. |!en:er -s liiiuor ol 
the ovary, plasma cell mastitis, pat hoi op cal ])hysioloyy ol the iKlrenal. 
stress, primary reticuloendothelial pranuloiuas,^ Eetterer-Siwe di .iaem, 
myeloid metaplasia of the spleen, lipomehinotie reticular hyi>erp!asia. 
hypersplenism. thromhotic throudmeytopenie purptu'a, oeelu-iou oi ll'o 
internal carotid artery, incisural sclerosis in epilepsy, dnn: eiieeplialitis. 
ccre])ral toxoplasmosis. Coxsackie virus disease. Alzheimer s disease, 
ela.ssifieation of the "liomas, Gnillain-Ilarre syndrome, acute porphyria, 
osteoid osteoma, villomodular synovitis, Alarlan s syndrome, dermato- 
niyositis, the anterior tibial syndrome, disixiscs tif the skin, and, in relation 
to dental pathology, gingivitis, osteomyelitis of the jaw. niaxillar\- sinusitis, 
and deep neck infections. 

Sections which have been rewritten ii\ part or in whole iiudiule the follow- 
ing; Gangrene, mechanism of thrombosis, syphilis, sebistosomiasls, the 
general pathology of tumors including pathogenesis, the radiosensitivity 
of tumors, the spread of tumors, auricular and ventricular sejital de- 
fects, disseminated lupvis erythematosus, the etiology and pathogenesis of 
atheroma, the histology of emphysema, bronchogenic carcinoma, hepatic 
necrosis, ulcerative colitis, glomerulonephritis, nephrosis, tlie renal lesions 
in eclampsia, intercapillary glomerulosclerosis, thyroiditis, the nature 
of pernicious anemia, the hemolytic anemias, hepato-lcnticnlar degenera- 
tion, and the etiology of rheumatoid arthritis. 

Diseases of the skin form so large and specialized a subject that I liavc 
hesitated in the past to include a section dealing with this branch of 
pathology. Dermatopathology, however, has developed so greatly and 
the practice of making skin biopsies has grown to such an extent that a 
final chapter has been added dealing with some skin disorders. In this 
chapter the section on nevi and the melanomas has been included and 
rewritten. 

The contentions matter of small type is always a difficult one to decide. 
Tlicorctically such type should be reserved for what is nnimportant and 
rare. The difficulty is to decide what is unimportant. What is rare in one 
part of the world may be common in another. For better or worse, a good 
deal of lyhat mus previously in large type has been clianged to small, 
ebiefiy with the object of making room for new material. In the main' 
general princi]iles arc given in large type, ivliilst minutite and rarities are 
relegated to sinall type.^ There are seventy more figures and three new 
color plates. Tlie book is reduced in size by thirty pages. 

AInch of the stiniulns and many of tlie ideas for this revision I owe to 
my associates, Dr. H. J. Barrie of tl.e University of Toronto, and Dr. 
H Tv. Tidier and Dr H E Taylor of the Vancouver General ITospital. 
Ar> foimcr pupil, Dr Ficl^^er, has helped greatly to simplify the complexities 
o skin pathology. Dr. lay or has taken tlie photographs illustrating the 
chapter on the skin; the quality of tliese pictures may appeal to those rvho 
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appreciate such matters. Dr. DaWd Zack has given me valuable advice 
in the revision of the chapter on dental pathology. I am partiailarly 
indebted to Dr. Clarissc Aszkanazy and Dr. Hugh A. Mac^Millan for 
correction of the proofs and to Dr. C. J. Coady for the preparation of the 
index. 

Finally I have much pleasure in taking this opportunity of expressing 
to my publishers my appreciation of the long-suffering and patience they 
have showTi in granting ray frequent requests for permission to insert new 
material in the proofs up to the last minute so that the book might be as 
up-to-date as possible. 


Vancouver, B C 
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A sri m;i r.. v. iii- .'-'•jKj.tt . nnist kri'p liis iiiulinu'c in niind, 
ntlicrv. i-" !i> i'. )(> ;, A'.ir . .>;i iin- nllonl (o I'onrrt (his ('Innn'iitiiry 

irnth. Ih- nl-^ h,-.- )ii- ;i!!!h‘'rir-\ ;ni<i tlillcn’nf i>f iilitliciuH' flniniUHl 

.lihrrrnt (Tc.'it ns'-nl . I* rn- 5 <'tn:'ry (<* ih-st-rihi' :i hnoh ns inIciKicd lor 
sliidcnj'- ;ind ]irji( ?i;i.'ji( r-. hut th*' ni'<n' sat ishuiory it is I'or llic oiio type, 
(ho h''-' sati^f.'ii tdT;. i- it aj!* in ho i'or tho otlicr. 'Hu' pract ilioncr may at 
any tinio meet th<' la.r*"-! a.ntl most oh^iairo of diseases, lie \\ill therefore 
wish to lia\'i‘ a hno]. to whieh ho e.in refer; it must I'o a liook of reference. 
The ohje< i of the st\idont. on the other hand. sli(nd<l la- to t;ain :i f^rasp of 
the fundamental jirineijih '. muleiiyiiu; the snhjeel. 'I'hesc- he must learn 
ami fliyest. '1 he time ;it In-- di-jio.al is so limited that lit* cannot tdVord to 
dis-'ipate it on intrienim: rarities or the ne\\e.-st nt>tion of the moment, (-Ise 
he will hnd that he w ill kimv. h -.-, ;nid le -s ahont more and moia-; he will he 
"ever learning .mil new-r aide to eome to the knowledge of tin- truth." 
Too often he is saerifieed to >,iti-fy the .-iiithor’s sense of com pi el (me, ss, 
'khere mnst, then, la- laaiks for reference and tla-rt- must he laaiks for read- 
ing. The prest-nt volume does not helony to the former class. It is intended 
for the student of patholoyv, whetln-r nnderyraduitle or postyraflntite, not 
for the praetilioner in that siihjeet, i. r., the pathologist and prolVssional 
lahoratory worker. For the hitter there Jire :dready a ninnher of exet-llent 
texts both Fmylish and (terman, as well as the monmnentid system of 
Henke ;uid Lnharseh in fourteen volumes. 

(lenend jtatholoyy is the elueidation of the vital proce.ssc-s which underlie 
the eiid-re.sults studied hv the morbid anatomist. It is the study of disciise 
from the physiological point of view, d’he study of special pathology 
should he pursued in a similar maimer. Pathology, if it is to remain ttlive, 
mnst become ])hysioIogic:d in its outhaik. For this n-ason the section on 
the female reimuliictive sy.stem ojieus with a discussion of the jiliysiology 
of menstruation, the section on bones with tin- physiology of bone, the 
section on the dnctle.ss glands with the physiology of those organs, and so 
on. It is easy to point out that a cert:dn type of uterine hemorrluige is 
constantly tissociated with hypertrojihy of the endometrium characterized 
by certain histological clnmges which used to be known as glandtdar 
endometritis. But when we discover that both the hemorrhage and the 
structural cluinges in the uterus have a common origin in disturbance of 
ovarian function the entire subject of the jiathology of the endometrium 
acquires a different meiining. rnfortunately the jihysiological outlook is 
not always possible, and the jiathologist may have to content himself with 
appl.vins » gi’eat variety of names to an equally great number of states, 
the relationship and meiining of which lie really docs not understand. The 
student mnst learn to recognize that ignorance, however ajitly veiled in 
an attractive terminology, still remains ignorance. 

( 0 ) 
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^ Physiology cannot be allowed to remain in its own watertight compart- 
ment. It must come out and contribute to the subject orpathological 
physiology. In the same way pathology must not confine itself to a stiuly 
of states, but must include a consideration of disordered processes. As Sir 
Michael Foster once remarked with characteristic penetration: “The 
science of meteorology cannot be divided into the science of good weather 
and the science of bad weather.” The study of morphology and pathologi- 
cal physiology, of altered structure and disordered function, must go hand 
in hand, greatly to the mutual benefit of both. A world of disordered 
function lies revealed in any lesion if weonl}' have the eye to see it. A healed 
tuberculous scar in the lung should conjure up a sharp attack, a stubhorn 
defense, temporary defeat, but ultimate victory. 

It has become the fashion to regard morbid anatomy, both gross and 
microscopic, as somewhat of an outworn creed, a science as dead as the 
material with which it deals. But morbid anatomy is not dead and never 
has been, except in the hands of those whose dull minds would take the 
breath of life from the most vital subject. AMien taught by the masters of 
the past, morbid anatomy, so far from being dead, has been the livijig 
frame'\ ork of a living body. The world of medicine did not think that there 
was anj’thing dead about the “Cellular Pathologie” when Virchow poured 
the new wine of his vital spirit into the old bottles of tradition. And the 
bottles are not yet full. 

There is much talk in the present day regarding the coordination of the 
various subjects of the medical curriculum. The study of pathology in 
the proper spirit is the best means of breaking down the partitions which 
separate the subjects, for such a study forms a common meeting-ground 
for anatomy, histology, pbysiolopy, biochemistr}* and clinical medicine. 
Pathology is not a pure science. The pathological changes are merely one 
side of a problem, of which the other side is furnished by the clinical picture. 
Each throws light upon the otlier and neither is complete b.\ itself. One of 
the most significant of the early symptoms of canc*er of the stomach is 
anorexia, a distaste for food. A healthy appetite is dependent on the muscle 
tone of the stomach wall, and this tone is destroyed b> the infiltration of 
carcinoma cells between tlie muscle fibers which forms so characteristic a 
feature of the microscopic picture. When this is n'alizcrf, both the anorexia 
and the histological appearance will acquire a richer significance and a fuller 
meaning. To these statements an exception must be made in f.avor of 
general pathology, which may be studied in much the '^aine way as a pure 
science is approached. 

Pathology in relation to the living patient is the motif of this book. It is 
intended to serve as an introduction to medicine and surgery. The medical 
student who steps from the laboratory into the clinical years is apt to find 
himself in a very unfamiliar country’ where for a time he may (le lost to a 
degree little guessed by his clinical teachers. In many schools the study of 
pathology is commenced at the same time as the study of medicine, surgery 
and gynecology. The student knows nothing about the symptoms caused 
bj’ the pathological lesions he sees, so tliat he is unfitted to attempt that 
correlation of clinical symptoms with pathological lesions which forms one 
of the most valuable exercises in a course of morbid anatomy, ^^ith tht^.* 
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idea of overcoming this difficulty the account of all the more imi)orlai>t 
diseases is preceded by a brief summary of tlic clinical symptoms, 'riicii 
comes the usual description of the morbid anatomy, and this is followed l)y 
an attempt to correlate the sym]>toms with the lesions. It is hardly neec's- 
sary to defend the introduction of a imief account of symi)1oms, for tiu' 
text-books of medicine and surgery do not hesitate to preface the di.seussion 
of clinical manifestations by a survey of the morbifl anatomy which fre- 
quently does not err on the side of brevity, h'or these reasons I luwe 
ventured to use the sub-title: "An Introduction to iMedicine.” 

To the student the value of a persistent endeavor to correlate symptoms 
with lesions lies not so much in the number of facts which he may succeed 
in memorizing, as in the development of an attitude of mind which may 
color the whole of his future professional career. The clinical-pathological 
conference owes its popularity to the realization of this fact, hkliication 
can achieve no higher success than by leaving its abiding imprint on the 
mental outlook of those who come under its influence. 

To the clinician who wishes to indulge in the periodic brain-dusting 
recommended by Osier there are few more valuable correcti\'e.s than a 
renewed acquaintance with the facts of morbid anatomy as revealed in 
the postmortem room. It is more than one hundred and thirty years 
since Bichat wrote the following words, but they are as true today as they 
•were then: "You may take notes for twenty years from morning to night 
at the bedside of the sick upon the diseases of the heart, the lungs, the 
gastric viscera, etc., and all will be to you only a confusion of symj^toms, 
wdnch, not being united in one point, will necessarily present only a train 
of incoherent phenomena. Open a few bodies and this obscurity will soon 
disappear, which observation alone would never have been able to ha\-c 
dissipated. Dissect in anatomy, experiment in physiology, follow the 
disease and make the autopsy in medicine. This is the threefold path 
without which there can be no anatomist, no physiologist, no physician.” 
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A Text-book of Pathology 

PART I. GENERAL PATHOLOGY 


Chapter 

1 

THE CONTENT OF PATHOLOGY 

Pathology is the study of the structure and function of the body in 
disease, just as anatomy is the study of normal structure and physiology 
the study of normal function The changes in structure are called lesions, 
the changes in function may or may not appear as symptoms. Pathology 
is concerned with answering the questions How and Why in relation 
to disease. At first sight there would appear to be no difficulty in forming 
a concept of what we mean by disease, but the more closely the matter 
is considered the more difficult does it become. Health is a condition 
in which the organism is in complete adaptation to its surrounding^ ^ 
Disease is a change in that condition as a result of whicli the organhw 
suffers from discomfort (dis-ease). As Virchow put it; "Disease is life 
under altered conditions ” But the question of health or disease may he 
considered from the point of view of the physician or of the pathologist, 
and the result will be correspondingly different. A man may die from the 
terrible convulsions of strychnine poisoning, yet the pathologist will find 
no structural change or lesion to which he can point as the cause of death. 

On the other hand a person in perfect health may be found at autopsy to 
have a tuberculous lesion of the lung or chronic disease of the heart valves 
which has been compensated for by cardiac hypertrophy. Are we to con- 
sider such a person in a state of health or of disease? It has been said that 
"health is harmony, disease discord.” and Adami remarks that the har- 
mony may be in a minor key. So long as there is liarmony, c\en though 
the price of that harmony be the structural alterations of compensation 
and resistance, the person is in a state of health to the clinician, but to 
the pathologist the lesions in the oq?ans have to be interpreted as evidence 
of disease. 

Clinical medicine is concerned witli dkturbances of function as mani- 
fested by the sjTnptoms of the patient, while pathological anatomy is 
concerned with changes in structure. But it is essential that the two go 
hand in hand, for both present only one side of the picture. The patholo- 
gist performing an autopsy on a case of tj^ihoid fever for the first time could 
no more deduc-e the clinical sa mptoms from the lesions which he finds after 
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death than could the clinician forecast the structural changes from a study 
of the living typhoid patient if he had never attended an autojisy. d’iic 
pathologist who never goes on the wards is comparable to the clinician who 
never enters the autopsy room. 

Pathology, then, in the sense of morbid anatomy and morbid histology, 
is the study of the tissue alterations which develop as the result of ])atho- 
geuic or disease-producing agencies. It is true that in actual practice these 
alterations may be of so fine a character as to escape detection, Imt tliis is 
merely because the methods at our disposal are still comparatively crude. 
This is even more ti-ue of the so-called functional disorders which form so 
large a part of the physician’s practice. In spite of these limitations it can 
still be said that pathology is the substructure of diagnosis, for. as llamman 
points out, diagnosis is concerned more with structural change tlian with 
functional disturbance. 

It is easy to make the fatal mistake of regarding pathology as being 
concerned merely with states, particularly the state at the moment of 
death. But disease is not a state; it is rather a j^^'oecss ever changing in its 
manifestations, a process which may end in recovery or in death, which 
may be acute and fulminating in its manifestations, or which may reiiresent 
the slow ageing of the tissues brought about by the sharp tooth of time. 
To rest content with recognizing and correctly naming a mitral stenosis 
at autopsy is to be satisfied with playing the part of a technician. For the 
lesion has been present during many years of life, and its presence is not 
sufficient to explain the final end. Moreover the pathologist has to try to 
explain not only why the patient died but how he was able to li\-e. ’ As 
Boycott remarks: “I do not wonder that people die; that is easy enough. 
^^^lat I marvel at is that they go on living with bodies so maimed, dis- 
ordered, and worn out.” We must concern ourselves with processes which 
have got out of place, out of time, and out of tune, as well as with disorder 
of structure, for disease may be defined as merely a summation of chemical 
reactions that have gone wrong. It is the high function of the pathologist 
not merely to attach correct labels to the lesions wlien he sees them, but to 
reconstruct the course of events from the earliest inception of the disease to 
the final moment when we have to fall out of “the splendid procession of 
life.” In speaking of the microscopic stvidy of the kidney from a case of 
chronic Bright’s disease. Rich paints a picture of the true pathologist: 
“In that minute film of tissue he plainly sees dynamic disturbances of renal 
function with alterations in the composition of the blood, the tissue fluids 
and the urine, the elevated blood-pressure, the hypertrophied heart with 
its constant threat of decompensation, the anemia with its debilitating 
efl’ects, the disturbances of vision, the impending symptoms of uremia. 
In brief, in that bit of dead tissue, altered by the cli'ects of fixatives and 
stains, he sees the genei al outlines of a living patient progressing along the 
path from health to death.” ^ 

But the lesions and the functional disorders to which they give rise are 
not everything. There arc the hidden qualities of tissue and blood to'be 
considered, those qualities which determine the result, favorable or other- 
wise, of the interaction between the patient and noxious influences The 
more searching the inquiry, the more difficult becomes the separation of 
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the concepts of health and disease, til! finally there is danger of arriving' 
at the conclusion that all things medical belong to the pathologist. 

The structural changes observed at autopsy are not due to death, for if 
death be sufficiently sudden, as from poisoning by prussic acid, no change 
of any kind may be detected. * They are the result of the processes of de- 
generation, reaction, repair, and growth disturbance which have preceded 
death. Pathology is therefore concerned with a study of these processes 
and with their causes. They may be grouped under a comparatively few 
headings, and a study of these general processes comprises the subject of 
General Pathology which forms the first part of this book. After comple- 
tion of this study it is possible to turn to the various organs and systems 
and apply the general principles to specific instances. The study of heart 
disease, kidney disease, nervous disease, etc., comprises the subject of 
Special Pathology. 

Finally the student must keep in mind the fact that what is u^ally called 
morbid anatomy constitutes only one part of the general subject of path- 
ology, although it is the part with which this book is primarily concerned. 
The modern terra psychosomatic medicine is an indication of the tardy 
realization of this truth, a truth of which the greatest physicians have al- 
ways been aware. For it is the whole patient who comes to the doctor’s 
office, not just a disordered liver, a cardiac lesion, or a septic throat. As 
Paracelsus remarked in the sirteenth century, he who wants to know man 
must look upon him as a whole, not as a patched-up piece of work. Man 
is more than a sum of his parts. In the words of an old French proverb : 
"There are no diseases, but only sick people.” It has been estimated that 
at least 50 per cent of all patients consulting a physician have no real 
organic trouble. The young recruit waiting to make his first parachute 
jump often has albumen and red blood cells in the urine and no eosinophils 
in the blood, but the real disturbance Is in his mind rather than in his kidney 
or bone marrow. Plato’s profound remark in the Phaedrus is as true 
today as when it was first uttered. "For this is the great error of our day 
in the treatment of the human body, that physicians separate the soul from 
the body.” 
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degenerative processes and disturbances 

OF METABOLISIM 

Tiik group of processes known to pathologists as the flcgeri(’tati(uis 
forms rather a heterogeneous collection. Ihey can be studicf! Irom the 
point of view of the abnormal materials which appear in the cells or the 
intercellular substance. It is better to take a wicloi’ view and regarrl tliem 
as indicatioirs of sickness on the part of the cells, as disorders of metabolism 
wblcb suggest what Galtou has called the steady and pitiless march of the 
hidden weaknesses in our constitution. They arc the hngeri)rints of di.^^ease 
left on the tissues. Some are slight and transitory; others jiroceed to a 
fatal termination. 



CLOUDY SWELLING 

'riie condition known from its gross appearance as cloudy swelling, also 
called albvynnom degencratiou, is much the commonest of the degenera- 
tions. It is an indication of a disturbance of cell metabolism which may 
occur as the result of any toxemia. The toxin may be the product of any 
infection or inieetious lover such as pneumonia or septicemia. 

The ]M-inci])al organs showing cloudy swelling are the kidney, the liver, 
and the heart muscle. 'J'lie organ all'ected is slightly enlarged, owing to 
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swelling of the cells of which it is composed. It is pale, the bloodvessels 
’ ' ■ ■ ’ ' The cut surface has a rather cloudy 

scalded in hot water, 
best be studied in the highly specialized 
cells of the convoluted tubule of tlie kidney. (Fig. 1.) The cell presents 
two abnormal features: (1) it is undub" frranular, and (2) it is swollen so 
that it projects unevenly into the lumen of the tubule. As the condition 
advances the cell may break down and the granular material is discharg- 
ed into the lumen of the tubule. The granules are albuminous in 
character, and can be distinguislied from fatty granules by the fact 
that they are soluble in acetic acid and insoluble in lipid solvents such 
as chloroform. Part at least of the granuhar appearance seems to be 
due to changes in the mitochondrial rods, which break up into granules 
that fuse to form larger masses. The swelling of the cell is due to edema. 

Hydeopic Degeneration. — In this condition, also called serous degeneration, 
epithelial cells become distended mth clear fluid, sometimes to such an extent 
that they actually burst. The change is best seen in acute inflammation of surface 
epithelium, as in blisters, smallpox, and anthrax. The osmotic pressure of the 
cytoplasm is altered, so that the cells take up fluid from the surrounding tissue. 
Detached cells Ijing m watery fluid undergo a .similar change The'cells of a car- 
cinoma, especially carcinoma of the cervix, may show marked hydropic degeneration. 

FATTY DEGENERATION 

Fntty degeneration is a condition m which degeneration of the cell Is 
accompanied by the appearance of fal droplets in the cytoplasm. As we 
proceed we shall find that this definition s^ys too much and at the same 
time too little. The presence of visible fat in cells where it normally cannot 
be seen is of twofold interest (1) it is a sure indic.ition that the cell is 
sick (except in the case of the liver), and (2) the fat itself is a substance 
singularly interesting to study and easy to demonstrate. 

Fat is present m the body in two very different forms (1) as depot fat, and (2) as 
tissue fat. The depot fat is visible fat pving the usual chemical reactions, and col- 
lected chief!}’ in the subcutaneous tissue and the omentum, where it is known as 
adipose tissue The fat cell of adijxi^c tissue Is a connective-tissue cell distended 
with neutral fat which displaces the nucleus to the side of tlie cell In malnutrition 
the fat colls are much smaller than when a person is well nourished As the result 
of insulin and glucose therapy the diameter of the fat cells may be doubled, before 
treatment they may be "mall and thick-walled, while after treatment they become 
distended and thin-w ailed. In the fetus the fat cell at first has a central nucleus 
and granular cytoplasm. Fine globules of fat appear in the c}'toplasm around the 
granules, enUrge, and coalesce so as to form one lan?e globule which occupies tlie 
entire cell. In areas where adipose tissue has been ilestroyed the new cells are some- 
times of the fetal type at firet. The tissue fat exists m a combinefl or inWsible form 
so united witli the protoplasm of the cells that it cannot be demonstrated by histo- 

r , iichapge. For 
’ It used to be 

■ ■ appears likely 

that there are two great sources of fat: (1) the fat in the food and that m the fat 
depots, and (2) the carbohydrates. 
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^GENERATIVE PROCESSES AND DISTURBANCES 
OF METABOLISAl 

The group of processes known to patfjologists as the tlegeiieratioiis 
ins rather a heterogeneous collection. They can be studied irotn the 
int of view of the abnormal materials which appear in the cells or the 
ercellular substance. It is better to take a wider view and regard them 
indications of sickness on the part of the cells, as disorders of nu'tabolism 
lich suggest what Galton has called the steady and pitiless marel) of the 
Iden weaknesses in our constitution. They are the fingerprints of disease 
t on the tissues. Some are slight and transitory; others proceed to a 
;al termination. 



Fig. l.-Clou(ly swelling of kidney. The cells of the convoluted tubules show marked 
Terted ”'x Tooo' ’ collecting tubulc.s (at the left) are but little 


\JhVUDY B WELLING 

The condition known from its gross appearance as cloudy swelling, also 
ailed c/er/e«era/to«, is much the commonest of the degenera- 

'rZ .. t/' "" f tlisturbance of cell metabolism which mav 

tin as the lesult ol any toxemm. The toxin may be the product of an*v 
a eetioii or mtectioiis lever such as pneumonia or septicemia. ' ' 

1 he principal organs showing cloudy swelling are the kidney the liver 
The nlivced i. digt.ly onlS olfi;;",';; 



F/irri' DEGEXERATIOX 


15 


swelling of the cells of ^Yh^ch it is composed. It is pale, the bloodvessels 
’ ■ It rm . * ' ice has ji rather cloudy 

*er. 

• the highly specialized 

1.) The cell presents 

two abnormal features: (1) it is unduly granular, and (2) it is swollen so 
that it projects unevenly into the lumen of the tubule. As the condition 
advances the cell may break down and the granular material is discharg- 
ed into the lumen of the tubule. The granules are albuminous in 
character, and can be distinguished from fatty granules by the fact 
that they are soluble in acetic acid and insoluble in lipid solvents such 
as chloroform. Part at least of the granular appearance seems to be 
due to changes in the mitochondrial rods, which break up into granules 
that fuse to form larger masses. Tlie swelling of the cell is due to edema. 

HYDRonc Degeneilytiox. — In tins condition, also called serous degeneration, 
epithelial cells become distended with clear fluid, sometimes to such an evtent 
that they actually burst. The change is licst seen in acute inflammation of surface 
epithelium, as in blisters, smallpox, and anthrax. The osmotic pressure of the 
cytoplasm is altered, so that the colls take up fluid from the surrounding tissue. 
Detached cells lying in waten' fluid undergo a similar change. The'cells of a car- 
cinoma, especially carcinoma of the cerrix, may show marked hydro))ic degeneration. 

FATTt DEGENERATION 

Fatty degeneration is a condition in which degeneration of the cell is 
accompanied by the appearance of fat droplets in the cytoplasm. As v<e 
proceed we shall find that this definition says too mucli and at the same 
time too little. The presence of visible fat In cells where It normally cannot 
be seen is of twofold interest: (I) it is a sure indication that the cell is 
sick (except in the case of the liver), and (2) the fat itself is a substance 
singularly interesting to study and easy to demonstrate. 

Fat is present in the body in two very different forms (1) as depot fat, and (2) a"* 
tissue fat Tlie depot fat is visible fat pMng the usual chemical reactions, and col- 
lected cliiefiy in tlic Rubcufaneous tissue and the omentum, where it ia known as 
adipose tissue The fat cell of adi|)ose tissue us a connective-tissue cell distended 
with neutral fat which ilisplaccs the nucleus to the side of tlie cell In malnutrition 
the fat cells are much smaller than when a person is well nourished. As the result 

“ '' ' ‘ ' the fat cells may be doubled; before 

• while after treatment they become 

d cell at first has a central nucleus 
and granular cytoplasm Fine gbbules of fat appear in the cytoplasm around the 
granules, enlarge, an<l coalesce so as to form one large globule which occupies the 
entire ceU. I” adip^ tis^e lias been destroyed the new cells are some- 

. \ ' • form 

histo- 





i*.; lue carouiiyuraies. 
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• Staining METHOBS.-Thc various luotlimls for t\ic don.oustralion of 
.(neutral fat and lijiids) are of partienlar iniportama; an<l tnnsf bo (hnun ili 
understood bv the student of fatty doffcnoralion. In tlio iirsf, place d is i M'Ii 
that the ordinary methods of paraffin and eelloidiu oinlKaldun; are 
for they entail the use of such fat solvents as clioiorffinn, xylol, and ('tina . lo-. 
sections are therefore used for this work. By sonic methods to be considen; 

presently it is possible to convert the fat into an insoluble form, aftci which )),nalh 
or celloidin embedding may be used. 

The simple-st staining method is the use of the azo scries of mn/im (b/csMida 
III or Scharlach R (scarlet red), on frozen sections which may I u- fresh or (i.xed i 
formalin. The Sudan gives an orange color, the .scarlet red a brilliant led. i hei 
is no chemical union between the fat and the dye; flic latter is more .soluble in ft 
than in alcohol, so that it leaves the alcoholic solution and becomes (lis^ol ved in t) 
fat. Cholesterol and its ester stain le.ss brilliantly than iK'iitr.al tats with searli 
red. These dyes do not stain normal myelin nor the fat ty acid.s, but when the myeli 
is broken down it is readily stained. A fatty acid can bi' staiiu'd by .any ///tn'r <niih) 
dye such as methylene blue or methyl violet, d'he fat is fir.'t hydrolyred into 
fatty acid and glycerin by the action of dilute acid or even by evpodng the .'■ectii 
to the CO 2 of the air. The oxazine dyes, of which Nile blue sulihafc is the chief m 
used, act as double stains. One stain is an oxar.ine basi' and stains fatty acids bh 
in the usual way. The other stain is formed by dccomi>osition of the oxn/.iiic bm 
in watery solution with the formation of a bright red dye which is soluble in nciitr 
fat though chemically indifferent to fatty acids. By this method of Lorrain Smif 
the constituents in a mixture of neutral fat and fatty acids can be staincfi .^cpnrntcl; 

The use of osinic acid is the oldest method of staining fat and it is .still on(' of tl 
most useful, particularly for recent degenerations of the nervous .systmn, Tl 
substance is really a peroxide of osmium which is reduced by the fat, and forims 
black compound with it, which is in.-oluble in xylol. Thus osmic .acid is .a fixntii 
as well as a st'.un, and tissue tlms fixed can be embedded in paraffin ami lait withoi 
losing its fat. Osn.ic a 1 .stains neutral fat and lipid.s .such as cholesterol ester an 
mj'elin, but the tissues must not be kept too long in formalin, else thev will liocon 
oxidized. 

The Marcid and the 15 nytrl method.^ of .staining are of groat waltie for the stini 
of the lipids in disease (d the lamlral nervous si'stcan. Thc.se methods are de.s(a’ibc 
in Chapter 31. 

Anothei method of great v.alne in diflerenti.ating lipids from neutral fats 
examinalion by polanzrd Hybl. When Nieols pri,.ans are plaecd on the mieros(;oj 
and a frozen seetum is tlien e.vamined, eliole.steroi and cholesterol ester which a 
amsotropie, 1 . c., doubly lefnictile, appear a.s brilliant iiodies aguin.^t a black bad 
ground; the ester often taking the form of a iMaltose cross of liglit. NTiitrai fa 

ilsefn? i 7'^:’ “'Visible. Tliis metiiod is .sometimes vo. 

useful in pathological eoiKhtions. 


f Metamorphosis. -From the days of Virdiow 
distinction has been drinvn between two forms of fattv cimmm- (1) fat 

ter S;:: '-tiilSudiid nn! 

wise hcalthv cell ‘iml ' "* • tuitioii too much fat was carried to an oth 

rabie,whoi,„sst„d 

fMy d„e ta tnuBtev „f tai t,„,„ f ‘'V '‘,™- ' 
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fatty, the degree of the change depending on the amount of available fat 
in the body. When an animal is stan-ed until the fat in the depots is ex- 
hausted, poisoning whith phosphorus fails to produce fatty degeneration 
of the liver. It seems probable that the factor of starvation plays a part in 
the genesis of many cases of fatty liver owing to interference with metabo- 
lism tliere. In other organs, e. g., hejfrt 'muscle and kidneys, a similar 
mechanism seems to be responsible for the fatty change. The old idea of 
fat phanerosh {phaneros, visible), an unmasking of the invisible fat already 
present in the cytoplasm of these organs, must now be replaced by the 
concept of fatty infiltration (Popjak). The experimental vork of Dible 
and Govan shows that “fatty degeneration" of the heart and kidney may 
be produced by the intensive .administration of fat in the diet. In such 
cases the fatty metamorphosis appears to be an infiltration rather than a 
degeneration. 

Causes.— There are two great causes of fatly metamorphosis: (1) the 
action of toxins, and (2) lack of oxj'gen. It is possible that the first factor 
acts by vjrtue of in te rferi ug,.with-the proper oxygenation of-the-cell, -which 
would make this the basis of all fatty-degeneration Tlie poisons may be 
dit'ided intot/organic and^inorganic. The organic poisons are bacterial 
toxins, by far the most important etiological factor. Any of the acute 
infections or such a chronic infection as tuberculosis may act in this way. 
Of ’ ' ' ' ■ ' ' • « - .lit, 

imj ‘ a person 

die.' fatty de- 

generation particularly ol the liver wiu be loumi inese metabolic dis- 
turbances are the basis of the so^calledLdelayed-chloroform poisoning. 
Chronic alcoholics, especially heavy beer-drinkers, may show marked fatty 
degeneration of the liver. Insufficient oxygenation as a cause is seen in 
severe anemias both primary (pernicious) and secondary. The degeneration 
which is well seen in the heart and kidney as well as the liver is most 
marked in pernicious anemia 

The Causes of lipomatosis or adiposity are: (1) excessive ingestion of 
fats and to a lesser degree of carbohydrates, and (2) factors which interfere 
vith the proper utilization of fat. Among the latter are lack of exercise, 
advancing years, sex (female), race (Hebrew), and sometimes dysfunction 
of one of the ductless glands, particularly the pituitary as in the disease 
known .as dystrophia adiposo-genitalis. 

Fatty Degeneration in Special Organs.— Although fatty degeneration 
may affect the cells of any organ, it is most reaflily observed in the liver, 
the kidney, and the heart. ^ ^ , \ a 

are 

scopically the l iver c ells areliUed with fat droplets \yhich can be readily 
stained with Sudan, osmic acid, and the other methods already described. 


5Iarked^fatty_*changes in the liver are seen in se\-ere anemjaj,pulmonary 
2 ' 
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tuberculosis, diabetes, and chronic venous congestion of the liver, condi- 
tions in which oxidation of thc fats is interfered .with._ ihe hyer plays an; 
important part in the oxidation of fats and Xhe .formation oLketone, bodies. 
The rnuitipiicity of conditions which will cause fatty metamorphosis in the 
liver suggests that one of the most easily disturbed properties of the liver 
cell is its abilitv to deal with fat. The less the oxidation, the greater is the 
accumulation of fat. If an animal is first starved it is impossible to produce 
fatty changes in the liver by the ordinary experimental method.s, as no tat 
is transported from the depleted depots. 



Fig. 2.— Fiitty livor. Great numl)ers Fig. 3.— Fatty liver stained with 

of faFfillecl cells and some larper fat osmicacid. The fat is at the periphery 

c.y.sts, X 375 of the lobules. X 75. 


In recent years much interest has been arousetl by the so-ealled Ujjnirnpiv 
/oe/er.s-, a term suggested by Best to indicate Substances which prevent or 
reinove the accumulation of excess fat in the liver. Under normal condi- 
tions tlie amount of fat in the liver is fairly constant. An accumultition of 
fat indicates it chtinge in metabolism. This may be due to failure in the 
tran-sport of fat from the liver oiydo too rajiid withdrawal from the fat 
dyiiots for the liver to deal with.,yPliospholipids are essential for the trans- 
port of fat, and ay cluiline promotes the formation of phospholipids absence 
of this food factor from the diet leads to the rapid accumulation of enormous 
aihuumUbf fat in the liver. This is true also of ehojine.prccursoi;s such as 
ii^^t'liT'h.ne., The 'efiect_pfj).r(.)t.eiuy>n fat transport seems to be due to the 
transfer of methyl groups from methionine for the synthesis of choline, 
rregnaney damages the liver because the lipotropic factors are sidetracked 



PLATE I 



Fatty Degeneration of Heart 

The majority of the muscle cells »re loaded with fat stained red with Schaflach R. 
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tuberculosis, diabetes, and chronic venous congestion of the liver, condi- 
tions in which oxidation of the fats is interfered ^Ylth._ ihe Iivct plays an; 
importaht part in the oxidation of fats and .thciorination oLhetonc. billies. 
The multiplicity of conditions which will cause fatty mctamorpliosis in tlie 
liver suggests that one of the most easily disturbed properties of thc_ liver 
cell is its abilitv to deal with fat. The less the oxidation, the greater is the 
accumulation of fat. If an animal is first starved it is imiiossibic to iinulucc 
fatty changes in the liver by the ordinary experimental methods, as no fat 
is transported from the depleted dejiots. 



Pig. 2.— Fatty liver. Great numbers 
of fat- filled cells and some larger fat 
cysts. X 375 



I'iG. 3.— Fatty liver stained with 
o.sinic acid, Tlie fat is at the periphery 
of the lobulc.s. X 75. 


In recent years much interest has been aroused hy the so-c:illed lijjoiwpic 
fuciors, a term suggested by Best to indicate substances which prevent or ’ 
remove the accuinulation of c.xcess fat in the liver. Under normal condi- 
tions the amount of fat in the liver is fairly constant. An accumuhition of 
fiit indicates a ehtuige in inetaholisin. This may be due to failure in the 
transiiort of fat from the liver oi>4o too rapid withdrawal from the fat 
dejjots lor the liver to deal with.y/l'liospholipirls are essential for the trans- 
port of fat, and aS choline promotes the formation of phospholipids absence 
of this fowl factor from the diet leads to the rajiid accumulation of enormous 
ainotmts of fat in the liver. 1 hjs is true also of eli olino precursors such as 
'I'ih' 'efVect_orj\rot,ein .on fat transport seems to’ be due to 'the 
transfer of methyl groups from methionine for the svnthesis of choline. 
Pregnancy damages the liver because the lipotropic factors are sidetracked 



PLATE I 



Fatty Degeneration of Heart 

The majority of the muscle cells are hjarled with fat stained red with vScharlach It. 
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DEGENERATIVE PROCESSES 


Lipoidal Degeneration.— In ordinary fatty degeneration and infiltration 
the fats concerned are neutral fats. There is in addition an important 
group of pathological changes involving the lipids, mainly cholesterol ami 
cholesterol ester. These lipoidal changes may be both m the nature ol de- 
generation and infiltration. Cholesterol, vhich is not a true fat but an 
alcohol, is a constituent of all the cells of the body, but in an invisible form. 
When the cell undergoes autoly.sis the cholesterol is not destroyed, .so that 
it may become visible either as a needle-shaped crystal or as a fiat plate 
with one corner bitten out. The nature of these crystals as well as that of 
the ester can be beautifully demonstrated by examining frozen sections 
under crossed Xicol’s prisms ; the brilliantly white anisotropic inaterial 
stands out against the black bacivground. Cholesterol cio’stals may be 
found in caseous tissue, infarcts, old hemorrhages, atheroma, degenerating 
goiters, dermoid cysts, hydrocele fluid-, etc. The yellow pat ciic.s on tlie 
inner surface of the aorta in atheroma consist mainly of lijiids, but 
neutral fats are also present. The characteristic spindle-shaped 
clefts in tlie tissue are often associated with giant ceils, indicating a 
foreign body giant cell reaction. This reaction is best seen in the tumor- 
like masses called xanthomas. The cholesteatomatous masses which 
occasionally occur in the ear and the cranial cavity consist largel\' of clioles- 
terol. Two conditions which more closely resemble true fatty dt'generatioi\ 
tlian those already mentioned are cholesterolosis of the gall-bladder 
(strawberry gall-bladder) and those forms of Bright’s disciisc whit'h are 
associated with marked albuminuria and edema, i. c., nephrosis and wet 
nephritis. In tlicse conditions there is a remarkable collection of choles- 
terol in the epithelial cells of the gall-bladder and kidney respectively, 
which will be considered in detail when these diseases arc described. When 
cholesterol ester is set free as the result of lipoidal degeneration it is often 
taken up by phagocytic cells, giving the cytoplasm of these cells a vacuo- 
lated appearance. These foam cells are seen to best adr antage around an 
area of brain softening, but they are found in degenerating goiter and many 
other situations. 

Tissue reactions to lipids, a term which signifies a heterogeneous group 
that includes fats, oils, waxes, phospholipids and sterols, are varied. These 
reactions occur when the fats are not completely metabolized. The reaction 
about unhydrolyzed fat is similar to that against an inert oil-like petrolatum. 
With hydrolysis ol the fat and liberation of fatty acids there may be acute 
necrosis or a non-specific reaction on the part of fibroblasts and macro- 
phages. Insoluble soaps excite a foreign body giant-cell reaction. The 
various reactions have been fully discussed by Ilirsch. 


PaooRKssivE LiPouv.sTROPHv.~This strange disturbance of fat metabolism is 
( iiajaeteiizcd by a symmetrical and progressive lo.ss of subcutaneous fat in tlie face 
arms and upper part of the body, associated with undue deposition of fat in'tlio 
buttocks and lower limbs, occurring in childron, usually girls. In extreme eases 
the skill rides oosely over the nni.scles, giving the patient a cadaver-like expression 
In tlie eyes of one oliseryer the lower half of the body looked like a model of one 
of Rubens iiaintmgs, while the upper half resembled one of tlie witches in IMacbeth 
yie adipose tissue of the afTectod parts is unable to store fat, no matter how much 
the patient may eat. The cause is unknown. 
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iNsutiN Lipqdystroput. — A local atrophj* of subcutaneous fat may follow the 
prolonged use of insulin if it is injected continually in the same area. This may be 
due to a lipase in the insulin or to damage to the fat envelopes. There may be a 
local infiltration of lymphocytes and plasma cells. 

GLYCOGEN INFILTRATION 

Glycogen is the storage form of carbohj’drates, and corresponds to tlie starch of 
plants. It occurs in the bodj’ in a labile and a stable form. The labile form, which 

represents by far ' ‘ ‘ ■ 

cent of the total a 
verted into glucos 
death. As it is sc , 

form occurs in minute quantity in many tissues, and under pathological conditions 
it may be greatly increased in amount. Glycogen U the only carbohydrate which 
can be demon-strated under the microscope, and is of particular interest on th.at 
account. It is colored reddish-bron-n with iodine, and is beautifullv shown by 
Best’s carmine stain which colors it crimson. Even better is the McManus PAS 
stain (periodic acid-leukofuchsin reaction of Schiff) with diastase digestion of 
duplicate slides as a control 

Under pathological conditions there may be an increase (infiltration) or 
diminution in the amount of glycogen in the tissues. In diaheies the 
depot glycogen is rapidly converted into glucose, so tliat there is a marked 
diminution in the amount in the liver and muscles. Large amounts of 
glycogen occur in the heart in diabetes, and also frequently in normal 
infants. Large deposits appear in the epithelium of the renal tubules, 
especially the loop of Ilenle (Fig. 4), probably owing to absorption of 
glucose from the sugar-loaded urine. In suppurations the polymorpho- 
nuclear leukocytes both in the blood and the pus contain an excess of 
glycogen (iodophilic granules). Glycogen is likely to appear in places 
which show a pathological increase of fat, and probably from similar causes. 
It is abundant in some fuwora, especially in hypernephroma (a malignant 
tumor of the kidney), where the cells have a highly vacuolated orcharacter- 
ibtically clear appearance, due to the presence of fat and glycogen, which 
are present in varying proportions. 

Glycogen Accvmuhtiox Dise.4sb or von* Gierke’s Disease.— This is a 
strange condition in children, characterized by an eyeessive storage of glycogen, 
especially in the liver and to a lesser degree m the kidney. The hver becomes 


of this ketosis is fundament.a!ly the same as that of diabetes, although brought 
aljout in a different way. In diabetes the sugar, although pre.'ont in abiind.mco in 
the blood, is unable to play its proper part m the combustion of fats. In tiiis 
the.fats are not.properly burnt Iwause the sugar is held in the liver in the form 
of glycogen. The liver cells are great!}* distended, the eytopbsm clear or vacuol.atcff 
and, in one case which I studied, the cell boundaries m many places apfieareii to 
broken down (Fig. 5). In von Gierke’s original case the kidney’s were niarkcdl 
enlarged owing to accumulation of ghTOgen in the epithelium of the oonvnl' 
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DKGKNURA TJVK PROGRBREB 


• tiihiilra. I’oinpc li.'iH (IcKcribcfl under tl)C l,iMe of idinjjiitliie liyperlrnpliy of IIk; 
■v.. liciirf, !i eiiKC of enorinouH oiiliirf^ctncnt of the hojirt in n yoniif' hoy in wiioni )Ik! iiearf 

• ^ muKcle, (ii)erK wore liUKoiy distondori witii KlyooKcn. Tiie disenst; !ipp(!!irs lo depend 

on ii defective transfonniition of kIvookcii into nhieose owinn to ahyenee of tlu; 
noiinal glycoKonolytic enzyme, ao that it aeciiinidatea in tlie f'lyeof'en deijola. d'lif! 
condition in, therefore, analogons to tlie lipid Ktorni’O disease (rJaiiclier’s disease, 
Nieinann-Pick’s disease, Cliristian’s syndrome) in wiiieli the cells of the retieiilo- 
cndodielial systenn l)oeome loaded with lipid. CliycoKcn slorane, like lii)id sloi-ayc, 
may show' a familial tendency and irtny be regarded as n eonf'enilal /momaly ol 
metabolism. 



I-'io. ‘1.-(;iyc()aen repiescatcd Ijy Fio. 5, -Von ( oeiko’.s ili^pa-c t.ivei- 

clear siiaces ia naia! tiilailcsirMliabeles. colls •iisleailo.l with (;lyc()j;fMi, whicli 
^ lias been ilis-Dlved out. X lOI). 


An analysis of the whok; subject of ulyeoKen slora-r; dise.ase will be fmmd in 
the papers of van fVeveld, who, i( m;.y be noted, reporled two elinietd .■ases one 
year Irelore the jaiblie.ation of von (Jierke’s autopsy rei)ort. 


AMYLOID DEGENERATION 

A reu.tirkid.ly interstiuK Iboupd. nowt.dt.ys rather iinooin.non (leKoiier- 
ilfl^e process js timt known im ii.nyloid depmucnition. It dHlVr.s nindti- 
n.entidly front littty defjeneration in tiitd it alVeets tlie ftround substance 
of <;;>u>;;;t.ve t.-ssue ami not the parenchymatous cells of an orgtu,. although 
tiK itillii niaj svccHiduty cliajif'cs, ^ 


V 
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inia is a feature of the disease. Sometimes no adequate cause can i)C found 

even at autopsy. . • i i • 

' The experimental production of amyloidosis is interesting, tliough it 

cannot he said to have thrown much light on this dark subject. 'Jdie conrli- 
tion can be produced in many dificrent animals and in a variety of ways. 
The injection of bacterial toxins over a period of months may lead to amy- 
loid degeneration, although by no means invariably. A broth culture of 
Staphylococcus aureus has been much used. Horses injected with diph- 
theria toxin for the production of antitoxin may dcvelo]j amyloid. Mice 
with transplanted malignant tumors may show amyloidosis. I'lie sub- 
cutaneous injection of nutrose (sodium caseinate) into mice is the most 
effective and rapid way of producing amyloidosis. 

Staining Reactions.— There are two special metliods by which amyloid can be 
•stained: (1) iodine, (2) methyl violet. 

Iodine in watery solution, conveniently used in the form of LiikoI'p solution, 
stains amyloid a mahogany brown when viewed by reflected light, the surrounding 
ti.ssue taking on a yellow color. The method is very useful in the autopsy room for 
determining if an organ contains amyloid; the solution of iodine is poured over tlic 
cut surface, and in a few minutes the dark brown patches of amyloid will apjioar. 
The renal glomeruli form a striking picture when the kidney is treated in this way. 
The method can be used for microscopic sections, the amyloid again appearing dark 
brown by reflected light, i. e., when the mirror is not used. Wien view ed by ordinary 
transmitted light it is a pale orange. If the iodine is followed by 1 jier cent suljihuric 
acid, the brown may turn a light blue. This reaction which i.s re.-fpon^iblc for the 
name amyloid is quite variable. Moreover the reaction with iodine itself is often 
not given in the early stages of the disease, suggesting that the amyloid may undergo 
some chemical change as it matures. The iodine reaction is apt to fail in tissue 
which has lieen kept for a long time in formalin. 

Methyl violet and gentian violet give a metachromatic reaction which is tlio best 
and most constant method of demonstrating amyloid. It acts well on ti.s.suc which 
has been kejjt long in formalin. With this method the amyloid stains a rose red 
due to the chondroitin-sulphuric acid, while the surrounding tissue is colored bluish 
violet. This metachromatic reaction is best obtained with frozen sections and is 
most clearly seen with artificial light. 

Congo red stains amyloid in the living body. When this dye is injected into the 
blood stream of an animal with amyloid disease, all the amyloid is found to be 
stained bi'ight red at autopsy. This method can be apjilied to the clinical diagnosis 
of doubtful ca.ses, the amount of dye removed from the blood by the amyloid being 
measured iit the end of an hour. By means of the Congo red tek it has been shown 
that amyloid may be removed fiom an organ if the cause responsible for it can be 
remowd. The dye can be used as a microscopic stain if the tissue is fixed in cor- 
rosive sublimate before staining. 


Changes in the Organs.— Amyloid degeneration is a widespread condition 
very rarely confined to a single organ, and may well be called general 
amyloidosis. 4'he organs chiefly affected are the liver, spleen, and kidney 
the change usually beginning in the spleen. An additional group of three 
comprises the adrenals, the pancreas, and the intestinal mucous membrane 
In addition to these almost every organ in the body may show some degree 
of change. It is the ground substance of the organs, particularly in 
the mcxlia oi the arterioles, which is attacked. The affected tissues und^go 
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a hyaline homogeneous swelling, so that the organ looks as if molten wax 
Imd been poured into the interstices and bad hardened there. As n result 
of this swelling the parenchymatous cells become compressed and atrophic, 
'ITre walls of the small vessels are thickened and their lumen may be greatly 
narrowed. The Uver and spleen ate enlarged, dense and elastic, resembling 
hard India rubber, the edges remaining hard and sharp in contrast to the’ 
rounded contours of the fatty liver. The cut surface is smooth, and lias a 
translucent waxy appearance, so that the condition is sometimes known as 
wjuxy degeneration. In the kidney other degenerative changes complicate 
the picture, so that its' gross appearance will be described separately. 



Fw. G.—Amyloid degeneration of li\er The liver cells ere greatly compresised by the 
abundant amyloid tnateriai. X 350. 


The liTcr is enlargtxl, sometimes to a gre.at degree. It seems to ha\c 
been fixerl in formalin, so firm is its consistence and so sharpl.t marked its 
borders, but it is elastic rather than liard. Tlie cut surface prt'sents the 
usual tnansluamt appearance. Microscopically, the change commences in 
the intermediate zone of the lobtilc. The amyloid appears betw-wn the 
sinus endothelium and the Uver cells This tissue becomes ctwrmotisly 
swollen, so that on the one ham! the lUer cells are so compressed that they 
atrophy and may finally disappear, while on the other hand the' sinu-soids 
become narrowctl. {I'ig. fi.) 

'Hie spken is also enlarged, firm, dastic, and translucent. Tlic am\ loid 
may l>e distributed in two ways In the common form it appears in the 
walls of the arteries in the Malpighian bodies (Fig. 7) and these Ijinphoid 
masses are gradually replaced by translucent masses of amyloiti which are 
scattered over the surface like grains of boiled Stigo, so that this form is 
known as the sago spleen. {Fig. 8.) In the rarer form, the dtfuse 
ami/hid spleen, the change affects the connective tissue of the venous 
sinuses and the reticulum of the pulp, so that the enlargement of the 
organ i.s much greater. 


20 degenerative processes 

The kidncv presents a special problem because of secondary changes. It 
mav be enla'rged like the liver and spleen, or normal in sr/.c, or even con- 
traked. Fattv degenerative changes in the tubules are common, and these 
interfere with'the vaxv look of the cortex, giving it a streaked or spott\- 
appearance. Microscopically the^change begins in the connective tissue 
of the vessels in the glomerular tuTts, and' also invoK-es the vails oi the 
arterioles and the connective tissue under the basement membrane oi the 
collecting fubiiles." lYlien a solution of iodine'is poured over the cut suilacc 
the aheefed glomeruli stand out as little bro\Yn dots. The glomeruli become 
converted into masses of amyloid, as a result of vhich all circulation 



Fig. 7.— Sago spleen, showing large masses of nmj’loicl. X -15. 


through the glomerulus may be stoiiped, but usually some patent vessels 
still remain. Owing to olistruction to the glomerular circulation the con- 
voluted tubules are deprived of their blood supply and may undergo 
degenerative changes with great accumulation of lipid, so that the condition 
has hcen called amyloid nephrosis. It is these tubular changes which are 
responsible for the gross appearance already described. The tubules may 
graduallj- atrophy and be replaced by fibrous tissues, which by shrinking 
produce a picture of a contracted kidney like that of chronic Bright’s 
disea.se. ^ 

Many other organs may show the amyloid change. The adrenals may be 
converted into solid masses of amyloid so that they become considerablv 
enlarged. In the intestine the change affects the connective' tissue in the 
villi (big. 9), so that when treated with iodine the mucosa mav have an 
apjiearance of brown velvet. The thyroid may be converted intokn almost 
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Solid mass of amyloid. The heart may Sje the seat of c-xtensive amyloitl 
deposits between the muscle fibers. "'■< 

PaiUAnT OR Atypical AiiTLOiD. — The amyloid disease described abo\'e is re-,., 
ferred to as secondary, because there is usually an obvious primary cause. Tliere". 
is another and more indefinite group of cai?es which, being without obvious cause, 
are termed primary. As the reactions with amyloid stains are variable and capri- 


lation to the nasal septum, larynx and bronchi. It would aiijiear that in all these 
rases the deposits of amyloid depond on local rather than on general disturbances. 



Fio S.— Amyloid spleen of the 
sago type. The numerous small 
areas of amyloid are stained 
darkly with lodme 



Pic 9 —Amyloid degeneration of 
intestine. The nlli are much en- 
larged by amyloid deposits X 60 


Clinical Effects.— Genera! amyloidosis may or may not produce clinical 

re the kidney and liver. 
• far the tubular clianpe 
are ma\ simulate or be 

identical with that of glomerulonephritis. Renal edema may be associatwl 
with albuminuria and casts, or there may be signs of renal insuiricicncy and 
nitrogenous retention, with polNiiria and a urine of low specific gravity 
and little or no albumin. 

In the amyloid liver there is great narrowng or even obliteration of the 
sinusoids, so that asdtes might be confidently cxpectc<l. As a matter of 
fact this is so rare that one recent test-book of medicine denies its existence, 
but I have seen an extreme degree of ascites which rapidly reaccumulated 
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after tapping in an advanced case of amyloid disease of the liver, in which 
that organ Aveighed over 2500 grains. _ , -j • i 

The Avatery diarrhea Avhich sometimes accompanies am.A'loidosis may be 
due to increased transudation through the diseased intestinal mucous 
membrane. 

The Congo red test is of great value in clinical diagnosis. ^ IJisappearance 
of over 60 per cent of the dye from the blood in one hour is found only in 
amyloid disease. This only applies to considerable deposits of uniyloid 
particularly in the liver. Deposits in the kidneys alone are not sullicicnt 
to give the Diiical reaction. 


HYALINE DEGENERATION 


The changes grouped together as hyaline degeneration are in a very 
different category from fatty and amyloid degeneration. In the latter Ave 
are dealing Avitli substances of a definite chemical composition, Avhcrcas 
in the former the composition varies Avidely in different cases. The term 
denotes a physical state rather than a chemical constitution, and includes 
many substances which are translucent or hyaline and stain lirightly Avith 
acid dyes such as fuchsin. Hyaline degeneration affects chielly colhigcuous 
connective tissue and the fibrous tissue in the Avails of l)lood\-esscls. This 
may be called connective-tissue hyaline. Other forms can be groujicd 
together as cellular hyaline. The tissue dies before becoming changed into 
hyaline. Conncctii'c-h'ssue hyaline appears as a homogeneous SAvclling of 
collagen and in the Avails of vessels in arteriosclerosis. It is seen in chronic 
malnutrition and in old age, but tlie exact factors rcs])onsLi)lc arc not 
certain. The change is Avell seen in arteriosclerosis. In the intima the 
ueAA'ly-formed tissue undergoes a hyaline change, and a similar change imiy 
occur in the media. The subendothelial layer of the arterioles shows 
marked hyaline thickening in A'ascular hypertension. In chronic nephritis 
the renal glomeruli become converted into hyaline masses. Scar tissue 
undergoes a similar change. The stroma of tumors may show hyaline de- 
generation, and the same may be seen in the reticulum of lymph nodes 
draining a focus of chronic inflammation. (Fig. 10.) In all of these in- 
stances the fibrous tissue loses its structure, the fibers are sAvollen and 
homogeneous, and stain red Avith acid stains. The appearance may re- 
semble that of amyloid, but the material docs not give the amyloid staining 
reactions. 


Cellular hyaline is a heterogeneous group Avith no special meaning. 
Small hyaline masses are often seen in the cells of the renal tubules, 
es])ccially in amyloid disease. The cells of the islets of Langerhans in the 
pancreas may become converted into a hyaline mass in diabetes. Hyaline 
thrombi in vessels are forined largely by fusion together of blood platelets 
Avhieh then undergo hyaline degeneration. Corpora umylacca, so-called 
because like starch they stain deeply Avith iodine (aniylon, starch), are 
hyaline sjffierical masses made up of concentric lamirue. They are seen in 
the normal prostate, in old infarcts of the lung, in the brain and spinal cord 
in old age and m degeneratiA’e conditions, and occasionally in other situa- 
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tions. They represent masses of d^enerative cells and sometimes mereb’ 
tiie secretion of cells. They stain deeply with hematox^din, and have 
nothing to do with amyloid. In necrosis of voluntary muscle and some- 
times of cardiac muscle the protoplasm may become coagxilatcd, the strla- 
tions are lost, and the fiber is converted into a swollen homogeneous hyaline 
mass. (Fig. 11.) This condition, knou-n as Zenker's degeneration, is best 
seen in the rectus abdominis musde in tj-phoid fever, but it is also seen in 
other muscles and other infections. 



FlQ. 10 —Hyaline degeneration 
of a lymph node X 350 



FiQ 11 —Zenker’s degenera- 
tion of muscle in typhoid fever 
The affected parts of the fibers 
have lo5,t their transverse stna- 
tions and are dark and swollen. 
X 400. 


MUCOID DEGENERATION 

Mucin is produced normally both by epithelial cells of mucous membranes and 
mucous glands and by certain connective-tissue cells, especially in the fetus. TVTjpd 
the secretion of mucin is excessive and is associated with degeneration of the cells, 
the condition is called mucoid degeneration. 

EriTnELUL Mceix.— In catarrhal inflammation of the mucous membrane of 
the respiratorj’ tract, the gastro-mtestinal canal, and the uterus, there is an excessive 
secretion of mucin, the cells are distended with this substance, and them outlines 
may disappear. The cells of a cy-stadenoma of the ovary produce pseudomucin in 
enormous amount so that a huge cyst may be formed; many of these cells degenerate 
and are cast off into the cyst. Cancer of the stomach, the large bowel, and more 
rarely the breast may produce mucm to such an extent that the tumor is converted 
into a mas.s of mucoid nmtcrial. Mucin is a slimy substance which is precipitated 
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by acetic acid ; it is Iwsophilic, i. c., stains with basic dyes, and gives a metnchvnnvatic 
reaction with tohiidin blue, staining redtiish-purplo. Pseudomucin is not {)i-ccipi- 
tated by acetic acid, and is stained by acid stains. 

Connective-tissue Mucin.— The only place where intercellular connective- 
tissue mucin normally occurs is in the umbilical cord. The cells are stellate with 
branching jirocesscs and are separated by an abundance of clear inucin. Tins 
mucinoid or myxomatous degeneration may occur in the stroma of various tumors, 
most notably in the myxoma. In conditions of malnutrition a similar change may 
affect the bone-marrow, adipose tissue, and cartilage. In myxcdeina, a disease due 
to deficiency of thjnoid secretion, the connective tissue of tlie skin and eise^^•hcr(• 
liecomes swollen and gelatinous, and in the early .stages contains mucin. Mucin 
may be formed in the intercellular substance of synomal membranes and tmidon ' 
■sheaths; the development of this process is beautifully illustrated in the early stages 
of a ganglion of the wrist. 


GOUT 

Gout is an ancient and famous disease. Its cause, however, is still a 
complete mystery. There is often a strong hereditary tendency. It is 
supposed to be a disturbance of purine metabolism. In support of this arc 
the following facts; (1) The uric acid of the blood is above normal, and 
for a few' days before an acute attack there is marked uric acid retention. 
(2) Deposits of sodium urate are a principal feature of the lesions. (3 ) Over- 
indulgence in purine-rich foods often precipitates the attacks. Beer and 
such red wines as port are much more dangerous than whisky; jierhaps for 
this reason gout is a rare disease in Scotland. These facts do not constitute 
proof, for the blood uric acid may be equally high in leukemia and chronic 
nephritis, the deposits of urates are present in the joints when the patient 
is free from symptoms, and the acute attack may come on without obvious 
cause. The deposits of urates and the high blood uric acid may l>e merely 
concomitants of tlie disease, perhaps a result ratlier tlnin a cause. 

Gout may occur in chronic form, or as a series of acute attacks, each of 
wliieh licgins as agonizing pain in a joint, usually at night, fallowed by 
fever and chilis; the joint is swollen, tender, and evidently acutely inflamed, 
and the iilood may show a leukocytosis of 20,000 or more. It iiuist he ad- 
mitted that to be unahle to offer a reasonable exphuuition for so dramatic 
a picture is unsatisfactory if not humiliating. 

The joints chiefly affected are those of the big toe (metatarsophalangeal 
joint) and fingers and the knee-joint. In the superficial layers of tlio articu- 
lar cartilage there are white chalky dcjiosits of biurate of sodium rather 
like drops of paint, an appearance from which the name gout is derived 
(fpM/, a drop). Tiic sheai-es of needlc-shaiicd crystals are usually sur- 
rounded by an area of necrosis. It is not certain whetlier tlie nk-rosis 
precedes or follows the deposition of tlie crystals. 

Aeemnulations of crystals may also occur in the periarticular tissue 
where they form masses known as toiihi. Around these may often be seen 
foreipi body giant cells. Similar deposits occur in the cartilage of the ear 
and in the eyelid. The overlying sldn may become ulcerated and ehalkw 
uyatenal IS discharged contjiining the characteristic crystals. A useful 
diagnostic procedure is to prick a suspected tophus with a needle, and look 
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for the crystals under the microscope- Deposits of crystals may occur in 
the pjTamids of the kidney, for tlie most part within the collecting tubules 
but also between them, giving the pjTamids a streaked appearance. 

Tlic use of radioactive isotopes has shown the existence of a miscible or 
metabolic pool of uric add, which may x'arj' widely with little or no change 
in the blood uric acid level. This pool is the amount of uric acid in the 
tissues which can mix promptly with uric acid injected intravenously. 
The course of the latter can be followe<l by labelling it isotopically with 
K** and measuring the amount excreted in the urine. From this the amount 
in the miscible pool can be calculatetl. 'fhe normal average content of 
the pool is around 1,000 or 1,100 mg. of uric acid, of which one-sixth is in 
plasma water and five-sixth in extraw.iscular water. 

The pool is greatly increased in gout, often to four times the normal, 
even though the serum uric acid is only slightly raised. Stetten records 
one very severe case of 25 years^ duration in which the pool on one occasion 
was 18,450 mg. and on another 31,000 mg. After several months of treat- 
ment with acetylsalicylic acid causing uricosuria the pool had dropped to 
2,084 rag. with no change in the blood uric acid. Cinchophen, an ancient 
remedy ^r gout, the salicylates, and to an even greater degree Beiieinid 
(a caronamlde) increase the excretion of uric acid in the urine, presumably 
by decreasing the amount absorbed by the renal tubules. Unfortunately 
nher one or two decades of the disease the gouty patient is apt to develop 
renal impairment. 

In the normal person all the uric acid in the miscible pool appears to be 
in solution, but in the gouty patient most of it is in the solid phase in the 
form of tophi There seems to be a continuous process of solution and 
precipitation taking place between the toplii and tlie body fluid analagous 
to the interchange of calcium and phosphate between bone and plasma, 
the latter interchange governed by the parathyroid hormone. It may be 
noted that ACTH increases the uric acid excretion in the urine In gout 
a fraction larger than normal of the dietary amino acids seems to be con- 
verted into uric acid, thus increasing the miscible pool, although not 
necessarily the serum uric acid In birds and reptiles the bulk of urinary 
nitrogen is excreted in the form of uric acid (uricotelic e.vcretion), whereas 
in man and most other species it is excreted in tJm form of urea (ureoteJic 
excretion). Thus the metabolic defect in gout may be attributed to an 
abnormally large uricotelic component in a ureotelie species (Stetten). 


PATHOLOGICAI, PIGMENTATION' 

The group of substances known ns pigments have nothing in common 
sa\e that they are colored, but it is convenient to consider them together. 
Hiey inay be produced within the body (endogenous pigmejits) or intro- 
duccfl from without (exogenous pigments). There are three chief groups 
of endogenous pigments; (1) melanins, (2) lipochromes, and (3) derivatives 
of hemoglobin. Pigment metabolism may become pathological oning 

cither to overproduction or underproduction. ^ 

_ Melanosis.-lWanin, derived from the Greek melas, meanini; black 
13 the colorms matter of the skin, hair, iris, choroid coat of the eye, and 


32 


DEGENEUA TIVE PROCESSES 


till' form !>' 


certain parts of the central nervons sysUan. 'I’lic pigment is m _ 

in color from iiglit hrmvn to liluek. Meianm is ioiim < 


granules, 'which vary , , 

from tlm amino acid tyrosine hy the 


copper-protein complex. The presence of cop)icr ions is necessary 
activity of the eir/.ymc. Tyrosinase nas deimmslrateil in muslin 


rooms a 

long ago as 189G, and is known to he present m plants, mseeis and man m 
animals. Indeed it i.s found in greatest ahiindaiiee in the cells hnmg th 
ink-sac of the cuttlefish. It was more than half a century later that Let lu 
and Fitzpatrick succeeded in showing that tyrosinase is also present^ n 
mammalian tissue, including human skin. 1 his can he done hy ineiihatin 
sections of tissue in a buffered solution of tyrosine with actsas the siihstrati 
The formation of melanin indicates the presence of tyrosinase. 

A similar reaction, the dopa reaction, was introrlueed jirevioiisly liy llloel 
Dopa is a contraction for dihydroxyphonylalanine, an amino acid whii 


reacts with tyrosinase to produce melanin. 'Pyrosinase has the ahility t 
eatalvze the oxidase of both tyrosine and do])/! with the formation ( 


melanin, but in normal mammalian sldn the ahility to catalyze tyrosii 
oxidase is absent or rather inhibited, while the ahility to catalyze dopa 
present. This is true also of the nevus, a lumign tumor of mehmin-formin 
cells. In malignant melanoma, tlie malignant A-aricty of these cells, hot 
tjTOsine and dopa are catalyzed by tyrosinase. 

The cells which form the pigment are peculiar hranched cells derivt 
from the neural crest and intercalated among the basal cells of the Ma 
pighian layer of the skin. They may or may not contain pigment granule 
Tliese cells are known as melanocytes to the biologist, the person fund 
mentally concerned with the problems of pigment in the animal kiugdov 
but the pathologist calls them melanoblasts, a term rcseiwed hy the hiol 
gist for the immature pigment cell during its migration from the ncm 
crest. A macrophage which takes up melanin discliarged from the mclan 
cytes is known to the biologist as a melanopli.-igo, to tlic patliologist as 
inelanophore {phorco, I carry). The terminology of the biologist has he 
recommended for general use, but old names are hard to relinquish. Appl 
ing the dopa reaction to thc.se various cells, it is obvious that the melaii 
blasts (melanocytes) and the tumor cells arising from them will be dop 
positive, while the mclanophorcs will be dopa-negative. 

Inhibitors of melanin formation demand brief consideration. The remm 
of copper ions and the action of ascorbic acid both inhibit tvrosina 
{'opj)er_is essential for the activation of the enzyme and for noVmal p 
mentation in mammals. Copper-deficient diets result in depigmentati 
of the sldii of the experimental animal. Sulphur-containing compoun 
such as thiouracil, remove the copper by combining with it. Thiourr 
adininistercfl to a Idack rat causes depigmentation, and in a patient iv 
malignant melanoma and melanuria it has been blown to change the nr 
from blacb to a normal color. 

It would ajipear tliat in the skin of wliite persons sulphvdrvi groups m 
hmd the copper and inhibit activation of the tyrosinase, so that little or 
melanin is formed even though tyrosia and tyrosinase m-o both prese 
ntraviolct miergy activates the system, probably by decreasing the c. 
centration of the sulpliydryl groups, so tliat melanin appears in tlie melai 
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blasts (melanocytes) and in their long dendritic processes. This is the 
mechanism of sun-tanning and sen'es to explain the melanosis of those 
living under a tropical sun. Temperature also influences the reaction, 
which is the probable reason why the pigmentation of Addison’s disease is 
marked not only in those parts exposed to the light but also in creases and 
folds of the skin covered by clothes. ^ 

In man the normal amount of melanin in the skin is very small. It is 
much greater in the negro than in the white man, but even in the negro the 
entire skin does not contain more than one gram of pigment. In the mal- 
ignant melanoma as much as 300 grams of melanin have been removed 
from the liver alone, so that under some conditions the pigment-forming 
power of the body is greatly increased. As the result of inflammation of 
the skin the melanin may become mobilized and transported by melan- 
ophages to the regional lymph nodes, where the microscopic picture may 
simulate that of a melanotic tumor. 

In man the function of melanin appears to be to serve as a protection 
against strong actinic light. In cold-blooded vertebrates the behavior of 


in temperature and environment and the use of certain drugs activate 
these changes in the frog and in fish, but only when the animal has an intact 
pituitary. It would appear that at least in the frog the pituitary controls 
the movement and possibly the production of melanin. A melanocyte 
stimulating hormone, MSH, lias been obtained from the pituitary, 

MSH is injected into the hj-pophyscctomied frog it causes melanin dis- 
persion, and even does so when incubated with a piece of isolated skin. 

The part • • ’ ' • 

proved in tl 

that in man nn. lyiLu.w*.., *iia^ «iii iiupoiLaiiL inuuenee over 

melanin. Conditions believed to be associate<l with increased pituitary 
activity, such as pregnancy, Addison’s disease and acromegaly, often show 
a marked increase of melanin pigmentation In the third trimester of 
pregnancy the scrum copper is increased, MSH is present in the urine in 
largo amount, and pigmentation of the skin occurs in areas exposed to 
sunlight, a triad to which the name of melasma h as been applied. The 
same is true of Addison’s disease, in wfiich decreased adrenal cortical 
activity seems to be compensated for by overacti\ ity of the pituitary* and 
a great increase in the formation of melanin. Tlie presence of MSH in the 
urine in pregnancy can be demonstrated by an increase of melanin in the 
frog’s skin when the urine is applied topically. I\Tien the activity of the 
pituitary is decreased, as in panhypopituitarism, there is a disappearance 
of pigment from the skin. Copper seems to play a part in this mechanism. 
Administration of JMSH causes the serum copper to rise, and this is accom- 
panied by increase in melanin formation. 


It is possible that the pigmentation of Addison’s disease, in which both 
adrenals are destroyed, may be more directly dependent on adrenal hor- 
mones If these control the concentration of sulphydryl groups at the site 
of mebanm formation, loss of the hormones would result in decrease of 
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sulphvdryl concentration and the melanin-forming enzyme systoni ^ould 
no longer be inliibitcd. Another suggestion depends on the hict tliat 
epinephrin and melanin are derived from the same precursor. Jt the ad- 
renals do not use this substance for the manufacture of cpiuephrm, it may 
accumulate and be converted into melanin. It must be admitted, ho\vevcr, 
that the mechanism responsible for the pigmentation in Addison s disease 

is not yet fully understood. _ „ . . 

Estrogenic hormones may also play a part in the control of pigmentation. 
Estrogens gi^■en orally induce pigmentation in the nipples uiul aieohv in 
man, and local unilateral application to the nipple produces the same 
result in the guinea pig. 

Under pathological conditions too much melanin may lie formed or too 
little. The chief examples of too much pigmentation are the melaiiotie 
tumors, Addison’s disease, melanosis coli, and chloasma. Ochronosis is 
related to melanosis. Diminished formation of melanin is .seen in alhinism 
and leucoderma. When too much melanin is formed it is excreted in the 
urine. In Addison’s disease and melanotic tumors the kifhieys oiteii contain 
much melanin in the epithelial cells of the loop of Henle and the collecting 
tubules. Here, as in other positions, it may be necessary to diiVcrentiate 
between melanin and hemosiderin granules, both of which are yellowish 
brown when thinly distributed. Hemosiderin can be stained a bright blue/ 
with the Prussian blue reaction and melanin deep black by the Fontana} 
silver technic. 

For further information on the behavior of melanin in health and disease 
the excellent review by Lerner and Fitzpatrick should be consulted. 

Melanosis coli is a condition in which a black pigment, either melanin or closely 
related to melanin, is deposited in the mucous memla'ane of the laige intestine and 
appendix. Like so many other pathological states, it was first dc.s'crilied by '\urchnw. 
The extreme grades are comparatively rare, but if tiic slighter forni.s are included the 
incidence is fairly high. Stewart and Hickman found it in 11.2 per cent of GOO 
autopsies. The incidence is liigher in tho.so over middle age, and much higher in 
carcinoma of the colon. Melanosis of the aijpeudix may occur apart from any 
pigmentation of the colon; it may be seen in a))i)endiees removed at ojjoration. 
The coloration which varies from gray to inky Idaek can be seen through' the intest- 
inal wail, and is sharjjly limited by the ileocecal valve. In advanced case.s there 
may be metastases of pigment to the. subnuico.sa and the mesoeolic lymph nodes. 
The granule.s of pigment are found within large monomielear eell.s in the .stroma of 
the mucous membrane; the ejhthcliiim is not .affeefed. The condition is often 
associated with chronic inte.stinal stasis cither from organic ol)struetion or simple 
consti])ation.The pigmented colls are “(lopa"-nogative', and are, therefore, mclaim- 
l)hores that have taken up pigment which has either been ingested in the food or 
synthesized in the bowel. 

Ocnuoxosis.-This very rare condition was given its name bv Virchow because 
of the ochre color wliich the nose and cars may ijrosent (ochns, sallow). There is 
a blackish discoloration of the cartilagc.s, and .sometimes of eonuoctivo tis.siie scle- 
lae, imiscles, and oj)ithclial cells. When the cartilages are subcutaneous (nose, 
em-), the color may shine through the skin. The pigment may he deposited in the 
kidneys. In the only case wliicli I have seen, the pyramids of the kidnevs and the 
clioroid jilexus of the lateral ventricles were a startling black color. The skin of this 
Iiatieut was a peculiar gray, as if it had been black-leaded. The pigment is eitlie^ 
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molanm or closely related to that substance. In the majority of the cases reported 
there has been marked alkaptonuria. In a few cases there has been proloncjod use of 
carlwHc acid dressinp:®. It supposed that the pijpnejitation is due to the action 


appear in the skin of the face and elsewhere. They are seen in pregnancy and dis- 
eases of the uterus and ovaries, tuberculosis, Gra\'es’ disease, and following the 
application of heat (hot-water bottles). In cacheria the skin often shows patches 
of pigmentation. If such .a patch be ..\cised it will found to give a marked 
‘•dopa” reaction. The body louse injects a fluid which produces a black spot of 
melanin in the deepest Layers of the epidermis. An emulsion of the insect’s salivary 
glands has the wme effect when injected. 

0/ melanin is much rarer than e^cess of the pigment. Albinism is a con- 
genital absence of melanin, which may be partial or complete. In leucoderma there 
arc white patche.s of skin, as the n.ame implies, due usually to a process of depig- 
mentation; a section of such a patch is neg.atlve to the “dopa” reaction, suggesting 
that the cells arc Lacking in the specific ferment. White patches of skin arc found 
in leprosy, due apparently to interference with the nerve supply. The blenching 
of hair is due to a loss of melanin. The while winter fur of arctic animals contains 
no melanin. 


Lipochromes.— The colored fats form a loose group regarding which 
little is known. They are yellowish granules found in the heart muscle, 
nerve cells, seminal vesicles, adrenal cortex, corpus lutcum, and interstitial 
cells of the testis. They have been called “wear and tear” pigments. U'inc 
apparently produced from the cytoplasm in the process of wasting. The 
host example is broirn atrophy 0 / the heart, a wasting of the myocardial 
fibers seen in old age and cachectic disease conditions, and accompanied by 
a great collection of brown granules in the muscle fibers at either pi'le cif 
the nucleus. These granules, which are normally present in small amotmt.. 
stain red with Sudan. Similar granules are seen in the nerve cells, eswee- 
ally the large cells of the cerebral cortex, in senile and mental condiriorsx 
Some of these pigments may belong to the group of plant pigmente (curmar. 
and xanthophyll) found in carrots and other vegetables, egg-\-oIk, etc. I: 
SI person eats too many carrots he may develop caroiinemia, with briem 
yellow' coloration of the blood scrum, the palms of the hands, and the snsr-- 
Isibi.al folds. The condition is sometimes seen in diabetes. 

Hematogenous Pigmetttation.— The red blood corpuscles are contensl” 
being destroyed in health- In disease this process may be greatly incrcisea. 

I he destruction may be local, as in a hemorrhage, or general as in bcDSrrdt- 
(liso.ascs. Hemoglobin contains iron, but does not give an iron reacDnr 
w if h tlie ordinary tests. WTien it is broken dowTi two moieties sre frafr 
the one, hematoidin, is iron-free, while the other, hemosiderin, corm? 
iron and gives the iron reaction. The iron-free portion is converted gn?' 
bilirubin, and excreted in the bile, but the iron of the hemosidein 5? -r. 
valuabie to be lost and is retained within the body to be buUt up am 


//emofoWin.-Hematoidin may assume the form of brown 
erastals or of amorphous granules seen in the neighborhood of 
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hemorrhage. The granules are usually extracellular, but may also be 
found within phagocytic cells. Hematoidin is identical with bilirubjn, and 
is excreted as such in the bile. In conditions of increased hemoly, sis there 
is therefore an increased formation of bilirubin; this may accumulate in the 
blood and stain the tissues yellow, giving rise to that form of jaiuKlicc' 
brown as hemolytic jaundice. ^Mren the van den Bcrgh test for Irilirubiu 
is applied, to local and not too recent ex-travasations of blood, a positive 
reaction is obtained. It is onfy when the hemorrhage is large and absorption 
is imperfect that the pigment is deposited in solid form. In small hemor- 
i-hages the pigments are soluble and stain the surrounding tissue with the 
familiar color of a bruise. 

//craosfdcrfn.— Hemosiderin, the iron-containing pigment, gives the Prus- 
sian blue reaction for iron with potassium ferrocyanide and hydrochloric 
acid. This test may be applied either to microscopic sections hr to the 
gross specimen. The pigment takes the form of fine yellowish-brown 
crystals which are usually contained within cells. Ilemosiderin, therefore, 
is chiefly intracellular, hematoidin chiefly extracellular. The hemosiderin 
may be formed as the result of hemorrhage or of general hemolysis. In 
the former the hemosiderosis is local, in the latter it is widespread. The 
reticulo-endothelial system is intimately connected with hemosiderosis in 
three dift'erent ways; (1) The pigment-filled cells which surround an old 
hemorrhage are histiocytes belonging to this group. (2) Certain hemolytic 
diseases, e. g., hemolytic jaundice, are dependent on the activity ol' the 
reticulo-endothelial system; the hemolysis is followed by the deposition of 
hemosiderin. (3) General hemolysis may be due to some extraneous source 
such as snake venom, but again hemosiderin is found within the reticulo- 
endothelial cells. 

Hemolysis from whate\'er cause is therefore likely to be followed by 
hemosiderosis. The pigment is not only found in the reticulo-endothelial 
cells, but also in the epithelial cells of the liver and kidney. A marked 
Prussian blue reaction is obtained in those cells in pernicious anemia. 
Hemolysis is always accompanied by an increased formation of bilirubin. 
When this is marked it can readily be detected in the blood ; it stains the 
tissues, but does not escape in the urine. In the curious condition of parox- 
ysmal hemoglobinuria there is marked hemosiderosis of the liver and the 
cells of the convoluted tubules of the kidney as the result of the increased 
destruction of blood. 

There may be an increase in the iron content of certain tissues, and yet 
tlie iron may not be demonstrable by ordinary histological methods. This 
invisible iron can now be demonstrated microscopically (Popolf). It is 
readily detached from the erythrocytes, and is rapidly taken up ly^mcscn- 
chymal and epithelial cells. Siderosis due to this cau.se is seen in hemolytic 
and other conditions, but it is especially sticking in congestive heart failure, 
in which practically all the septal cells of the lung may be seen to be loaded 
with iron granules instead of a mere sprinkling of phagocytes containiim 
hemosiderin. " 


MAmuiAL PiGMCN-TATiox.-Tiie Jiiakria parasite within tlio rod blood cells 
forms a dark brown pigment which is Hljcrated with the destruction of the red cells 
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' and (IcposUehI \n large qvrantitles in the spleen and Uver. ThU pigment dws not 
.jyvo the Prussbn blue reaction and at one time it n-as believed to be melanin, bat 
it contains iron. Hemo<;iderin may also be deixisitcd in addition to the nvahriil 
pigment. , . ' j 

IlE^iocnnosuTOsis.— This rare disease, also called bronzed diabetes, is a disoMci 
of iron metabolism, but its exact nature is still a mystery. The normal amount of 
iron in the body is only 2.5 grams, but in this disease the liver alone may ronts'^ 
30 grams or more. (Plate II.) Tlie pancreas also contains large amounts of iron. 
Smaller quantities are found in the kidneys, adrenals, spleen, heart and wluntsn' 
muscles, thyroid, skin, and Ij’mph nodes in the upper abdomen. The organs 
taimng the pigment ha^ a brown color (hence the name of the disease), and tV 
skin may be bronzed (bronzed diabetes), althougli this is uncommon. The 
mentation of the skin is due to melanin, not to iron, to that it is useless to do a 
in order to test the skin for iron. The affected organs give a wid Pmsa-an Was- 
reaction. 

One of the great problems is the source of the iron pigment.- The prohaiOc^ri- 
planation is that there is some fundamental defect in iron metabolism. Shcaa.-m. 
whose splendid monograph should he consulted, la of the opinion that this dete-t 
‘is inborn and inherited. It has been su^sted that there is an overatso'rCsrm r. 
iron &y the intestinal mucosa. Normally very little iron is excreted, fo ibat df W' 
much is absorbed it may accumulate in the body for years. In support cf 55^ 
it has been found that repeated bleeding by venesection has reduced the rre 
of the liver as shown by biopsy, and has led to marked subjective Izmrrrcs'n. 
Despite the name there is no endence to indicate that the iron is 
blood by hemolysis. The 'vork of Gillman and Gillman indicates that st ~ 
some cases the disturbance may be nutritional in origin. The«e wnfocs m a= 
inveotigation of the deficiency disease pellagra in South African ner^ zrasn?' 
of repeated liver puncture, were able to demonstrate a series of 
cells beginning with fatty degeneration and ending with masdve : 

iron identical with those «cen in hemochromatosis. They bebeT* z: 
clinic.!! material one of the commonest sequels of pelbgra b 
Til? iron apjieared to develop m or from the mitochondria of tbe "ID- 

condition should bo called eytosiderosis rather than hemochromsto^- ^ y-r~r— 
to the iron pigment there is another pigment known as hemofussr-rzH 
give the iron reaction with Perles’ stam. GiUraan and Gillmizi *t s- 

lipoidal in character, and suggest the preferable name cyto!ijo=ruz 2 E.. 2 ruI« x— 
pears to be derived from breakdown of the mitochondiia. 

The liver cells slowly undergo necrosis, and marked curbo^ 
constitute.s one of the most serious features of the dt=ea^. ■ar'zr.zm. *' 

the liver develops in about 20 per cent of cases In the pazerea- 

islets of Langerhans as well as of the acinar tissue ' ■-- - , 

develops (bronzed diabetes). ' 

SiDEHOsis OF THE Globus Paludos.— The pCbuz? if •!.»- .u. - 

nucleus usually gives a marked iron reaction, due to tbe V"z~ 

, of the vessels in this region of the brain. The conditxJcLi?'^^ "Z- 

workers for calcification owing to tl«j dark blue 6tar±ir 
•*12.) The walls of the vessels are infiltrated with ZZ-ZZ . ^ 

derived from the nucleus itv?lf. The iron is T,.'^ ~ '' ^ 

and there is no increase in conditions of undue ‘ ~ 

pailulal siderosis is tlie expres-Mon of a flow 

lenticular nucleus in at least GO jicr cent of Z' 

It appears to predispose to the acute l^ates^ ZfJz" ' 3^-' 

'wliich is so often seen in carbon monoxide -rL” 
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Biliary PiGMENTATiON.-The subject of jaundice is considered in detail 

in the section on the liver. The pigments of the bile aye forincd from the 
blood. ^^dIen red blood cells are broken dmvn either in health or as the 
result of disease, hematoidin is formed which is identical with biliruiiin. 
The bilirubin is formed not by the epithelial cells of the liver, but by the 
reticulo-endothelial cells in the liver (Kupifer cells) and throughout the 
body. The hepatic cells merely excrete the pigment, passing it Irom the 
blood into the bile ducts. If bilirubin accumulates in the blood the tissues 
become stained. The skin and whites of the eyes appear yellow, and the 
patient is said to be jaundiced. It is evident that bilirubin may aeemnuiate 
in the blood for two reasons; (1) It may not be excreted owing either to an 
obstruction in the course of the bile passages or to sickness on the part ol 
the liver cells; (2) it may be produced in excessive amount owing to undue 

hemolysis. The former is called ol istructive 
jaundice, the latter hemol\-tic jaundice. 

For a few days after birth the biliru- 
bin of the blood is always abm-e normal, 
and definite jaundice may deix'Iop. This 
is known as icicrus ncomdorum, and the 
bilirubin is hemolytic in type. The new- 
born child has a polyci themia, because 
the fetus lives in a constant condition 
of oxygen want and therefore needs a 
greater number of red blood cells to carry 
the oxygen to the tissues. After birth 
many of these cells are no longer needed 
and are broken down with the formation 
of bilirubin. The pigment may be de- 
posited in the form of needle-like or 
rhombic crystals of hematoidin in the 
pyramids both in the collecting tubules 
and the interstitial tissue; these masses 
of pigment are called hiUnihhi fa/mcAv. 
Exogenous Pigmentation.— Pigments may be introduced from' without 
and be deposited in the body. This introduction may occur througli the 
respiratory tract, the alimentary canal, and the skin. 

Through the respiratonj tract dusts may be iiihaled and deposited in the 
lungs, where they cause varying degrees of chronic irritation, a condition 
known as pneumokoniosis. Of these dusts the ouI\’ two of importance are 
silica (in gold miners and stone masons) causing silicosis, and coal dust 
(in coal miners) causing anthracosis. These diseases are considered in the 
section on the Lungs, 

Alwuntunj canal pigmentation is of nnieh less iinportnnco. The two most im- 
portant examples arc silver and lead. Long-continued administration of .silver salt.s 
may give rise to a condition of unjyria. The silver is deposited as an insoluble 
albuminate in the form of fine gramdes. The skin and conjunctiva may assume an 
ashen-gray color, and there is pigmentation of tlie internal organs. The irigmcnt 
can.ses no disturbance, but the imiiortanec of the condition lies in the fact that the 
coloration of the skin is permanent, so tliat tlie face has an ashen appearance for 



Fig. 12.— Iron in ve.ssel wall 
in lenticular nucleus. X 150. 
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the re^t of the patient’? life. The pipnent is not ^ntr:^celIuliV^ hut 
the cement sul)5tanec. In the skin it is found in (he conum ju't fy\v 

and arotmrl (he sweat and sebaceous glands. In the kidney it 
'glomeruli and outside the cpitlieUura of the tubules. In otlier orj:aa> 
tion is similar. ^ 

liCad poisoning or plumdtsm Is considered in tiie «?ction on 
Pigmentation of tiic gums is a common sign. The le.ad is aU^orU'd ^ 
tary camil or may pass through the skin. It circulates in the form oi 
and tthen this comes in contact with hydrogen sulphkle 
food around diseased teeth, lead sulphide is formed and de}>osittM m t~ev ^ 
it gi\es a charactcriatic “blue line.” . 

pigment is introduced through the skin m the process of 
up hy histiocytes and is lodged jiernianentJy in the connecti^Tc-tis?^ 3W.'."s- 
is found m tiie epithelium. Some of the pigment is carried hy •*' 

l}’mph nodes where it is deposited, 

DISORDERS OF CALCIDM METABOLISM. ClICEXirDS 

The occurrence of patliological calciBcation, the dffv*5r:^r _cr 
salts in tissues other than Iwne, has been known for cecrrr^-JJnrcassr 
the last few years a flood of light Jias been thrown oa g?::ep^jSsa:r..jzcs^ 
of calcium metabolism and on a number of diseases ic Ouass 

is one of the elements which is essential to life. The eTcnsi 

in health is lO mp. per 100 cc. of blood and remains cressst 

.Salts of calcium are deposited in the tissues; (1) 
known ns the ossification of Ijone; ( 2 ) in the pathofcccaT press? fcu'Ta m 
calcification. The composition of the calcareous dep^Ti? c: prices?^ 

is r.vtraordinarily similar, there l>einK about 9 parts o? caiimi pcr“pEa5* 
to I part of calcium carbonate. In tht salts ar^ 

fuscly in specially prepared osteoid tissue which has a «i?&h?4r?.ri?-ar*- 
and the colls of whicii exercise a controlling infiuen'iir oc prcft? « tia.* 
tlicy arc called osteoblasts. Fn calcijicaticm the same sift? in* 6^r.»tTj-i( xf 
clumps of granules in tissue w-hicli is either dying o.-d^ ted fr.rz xf'H afi 
«l!s ha\e disappeared. In l>oth the proportion of carf/iTiar?- to 
is so constant tli.it it would .ippear as if a calci’iirn rarf.orat*-cl;r.<'rrar» 
complex is first formed from wjiicli the individual %ft* ar*- crwf'y'rid 
Se%-cr:i! diseases are assod.atcd with a dtsturfjanrt^mfarrf-^ r.etSoni'm 
mostly in the nature of a hypocalcemia. Ukhti zfA vtw 
discussed m relation to disea.scs of Ix>nc. and «o r.^ r.rJr -C / 
iicre In rxclds tliere is a serious disturlana- of tU ro-rnf 
ossification m the ^rro^^bg Iiones of difWrrn, a/rornpaf.5^ f-r rrW 
turbancos.nd dependent on a defidenej- of cafe. !r 
mm D in the diet ,r y-^'^ 

the form of ' . • . i ' ' ^ 

ergo.sterol of ■ . . , 

a disease of adults cliaractcrired tv ‘^Iclur'^tr ■' n 

of the skeleton followed hv the 

also appears to be a defi*ne.wl.W^"y.‘ r.i 

form of rickets. '1 ... • • 

a c-ompensatorv } • 
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believed by many. Twnors of the parathyroids may cause marlvcd decal- 
cification of the bones, a condition known as osteitis fibjosa cystica. 1 be 
effect of these parathyroid tumors is very remarkable. The blood is Hooded 
with calcium, but much of it is excreted in the urine. The calcium reiuo\-ed 
from the bones may be deposited in the kidney to form renal calculi or in 
the walls of the arteries. A curious feature is the development of tumor-lilce 
swellings in connection with the bones, gi^dng the microscopic ijicture of 
giant cell tumor of bone. These matters are discussed in detail in ('’bajffcr 
32. Tetany is a manifestation of calcium deficiency characterized !)>' a 
hyperexcitability of the nerve-muscle system. An excess of ealeimu ions 
or of hydrogen ions tends to depress this system, while a dcficieney in these 
ions leads to hyperexcitability. Tetany may be induced by anything which 
lowers undulj' the blood calcium by parathyroid deficiency, rickets, over- 
ventilation of the lungs (with undue loss of carbon dioxide) , pjdnrie stenosis 
(with undue loss of hj'drochloric acid by continuous vomiting), or by feeding 
large amounts of sodium bicarbonate— in a word, by anything which leads 
to a low blood calcium or tissue alkalosis. The presence of calcium is 


necessary for the clotting of blood. 

Calcification,— Pathological calcification may occur as the result of the 
blood being flooded with calcium. This may be induced by repeated 
injections of parathyroid extract, or it may occur in such decalcifying dis- 
eases as osteomalacia, general carcinomatosis of bone, and multiple myel- 
oma. The calcium is removed from the bones and deposited in other tissues. 
This variety is therefore known as metastatic caicifiention. The lime is 
deposited chiefly in the lungs, kidneys, and the mucous membrane of the 
stomach, probably in the living cells. The reason for the depo.sition is the 
hypercalcemia, not any degeneration on the part of the tissues involved. 
Enormous single doses of irradiated ergosterol (vitamin D) will produce 
massive calcification in the aorta, coronary arteries and heart muscle of the 
rat in forty-eight hours (Ham). At the end of twenty -four hours there is 
no indication in the tissues that a catastrophe is imminent, so that the 
chief factor in this case seems to be the inability of the serum to retain the 
calcium salts rather than degeneration on the part of the tissues. 


It is much more common for the calcium to be laid down in dying or 
dead tissue without any reference to the blood calcium. Both phosphate 
and carbonate are deposited in practically the same pro])ortinn as is found 
in bone. The salts are soluble in weak acids, bubbles of carbon dioxide 
being given off owing to the presence of carbonates. The lime is stained 
blue with hematoxylin and black with silver nitrate. The mechanism bv 
which the calcification occurs has long been a matter of dispute. Accordin'^ 
to Klotz there is first fatty degeneration; the fat is h\-drolyzcd with the 
liberation of a fatty acid; the calcium unites with the fatty acid to form a 
calcium soap;^ the fatty acid is then replaced by tjie carbonic acid and 
phosphoric acid in the blood, and the final result is calcium carbonate and 
calcium phosphate. ^Yells fails to find any evidence of the formation of a 
soap, and regards the process as a physical rather than a chemical one the 
calcrum and phosphate being absorbed bv the degenerated tissue ’ He 
ioimcl that pieces of sterilized cartilage placed in the peritoneal cavit'v of a 
rabbit soon became calcified, having taken up the lime from the fluid in 
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which they wexe bathed. It is probable that there is truth in both views. 
Tile 'areas of fat necrosis ^Yhicll result from acute pancreatitis may show 
striking calcification, and the same change may occur in a degenerating 
lipoma. In these cases it seems likely that Klotz's view is correct. There 
is, however, a tendency for any dying or dcnil tissue surrounded by living 
tissue and accessible to the body fluids to Iwicome calcified. In such necrotic 
areas circulation is absent, but a slow diffusion takes place from the sur- 
rounding blood and lymph. Tlic dying tissue undergoes a hyaline change, 
and it is this hyaline material in uhich the carbon dioxide tension is prob-* 
ably low owing to tissue inactivity that becomes tlie seat of calcification. 
Necrosis and hyaline changes arc the two chief antecedents of calcification. 
The physical rather than the chemical structure, ns Wells remarks, seems 
to determine the deposition of the calcium. . 

Endless examples of calcification could be given, but a few will suffice. 
Caseous iubcrculous areas, especially in the lungs and lymph nodes, fre- 
quently become calcified. The change usually indicates that the infection 
lias died out and healing has occurred. In one Term of arlcriosckrosis 
(atheroma) the intima of the vessel develops cnlc.arenus p.atchcs 
preceded by fatty changes); \n another form the media of the arteries to 
the limbs is affectod. Vakes of (he heart wliich have been injured 
by previous inflammation are often calcified. Lime salts arc often de- 
posited in an old nhsress in ulucb the pus has become inspiss-ated. A 
long-standing empyema or jiericarditis may undergo the same change, so 
that calcareous patches are formed over the lung or the heart. A f/iromfuw 
in a vessel may lie calcified, such stony nodules, known as phteboUths, arc 
often detected in tlic polnc veins in roentgeu-ray films. Degeneraiinp 
tumors, especially fibroid tumors of the utenis, may become convcrtofl into 
masses of stone. In old age the cartilages of the rilt and the trachea arc 
often calcified. A fetus which escapes into the alxlominnl cavity from a 
tubal pregnanej’ may liccomc a lithopedion, a calcified fetus. A coating of 
lime may lie formed over animal parasites in the tissues, particularly 
Trichina spiralis and echinococcus eysts- Dead ganglion tells in the lirain 
may lx«oinc cncrustctl with lime, so that a perfect ca.st of each cell may lie 
formed. A peculiar example which deserves special mention is the calcifici\- 
tion of the conroluicd iubutrs of the hiduei/ uhieh rapidly ilevelops after 
corrosive sublimate poisoning, here the cjddum is dejiosited in the necrotic 
cells. It may he noted that even brief ohstwetinn of the renal artery in 
the rabbit is fol!owc<l by extensive calcification of the kidney. 

ITECROSIS 

By necrosis is meant the local death of cells. Now although deatli may 
’ . ” ^'hich has lieen suddenly kine<l 

xactly like a normal one. Tins 
croscopic sections have all l>eeii 
killed. Tim cellular changes characteristic of necrosis are changes which 
the cell undergoes after it has died while still remaining in the l>ody, Tlieso^. 
changc.s are very similar to (hose underjmne by living cells when they are ^ 
rcmovc<l from the body and allowed to die, being due to the sa me « 
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namely, the action of enzymes. It is evident that necrotic changes may 
easily "be confused -with those of postmortem degeneration, and the distinc- 
tion is sometimes hard to make. Tiie term necrobiosis is used to indicate 
the gradual degeneration and death of a cell, but it appears to be somcnliat 

superfluous. , , o i 

Causes.-l. Loss of Blood S?/pph/.-When the supply of oxygen and 
food is cut ofl', the cells of the part rapidly undergo necro.sis. d'his is veil 
seen in an infarct caused by blockage of a vessel by a blood clot. Itven 
though the cutting-off of the blood is only transient, the cells may be lolled. 
The time necessary Amries Avith the tissue; the secreting^ cells of the kidney 
may be killed AA’hile the connective tissue survives. Thrombosis of the 
A^essels to a part is folloved by necrosis unless a collateral circulation can 
be quickly established. 

2. Bacterial Toxins.— The action of toxins is the commonest cause of 
necrosis. The reader can supply examples for himself. As the toxins act 
on the A’essels of the part and are apt to produce thrombosis, it is cA'ident 
that the first tAA'o causes are often combined, hluch depends on the con- 
centration of the toxin; if the toxin is Aveak inflammation is produced; if 
strong the result is necrosis. 

.3. Physical and Chemical Agents.— The Amrious physical and chemical 
irritants Avhich may produce inflammation may also lead to necrosis. Heat 
is much more injurious than cold. Heat aboA'e 45° C. Avill kill cells, A\*hereas 
freezing maj'^ leaA^e them unafi'ected. The death of tissue folloAA ing frostbite 
is due to injury to the vessels and thrombosis rather than to any direct 
action on the cells. Electricity, roentgen-rays, and radium rapidly cause 
cell death if in sufficient concentration. C austics and other poisons, trauma , 
and continued pressure may produce the same result. 

Structural Changes.— Necrosis can be recognized by changes in the cell 
body and in the nucleus. The cellular changes are SAVclling of the cytoplasm 
A\hich becomes homogeneous and loses its normal reticulated aj)pearance. 
There is loss of the normal sharp contour and obliteration of the cell 
boundaries. IMiiscle fibers lose their striations and become SAvollen and 
homogeneous. ZenheEs degeneration, Avhich is best seen in the rectus 


abdominis and diaphragm in t\'phoid fever, is an example of necrosis Avith 
hyaline changes. The nuclear changes are even more striking, and should 
))e looked for in determining the pre.sence of necrosis. There are three 
possilfle changes. (Figs. 13 to 15.) 0) Chromatolysis or karyolysis, in Avhich 
the nuclear chromatin appears to lie dis.solved and the ihiclmis gradually 
fades from sight. This is the commonest change. (2) Karyorrhexis, in 
Avhidi the nucleus is broken up into a number of small fragments, Avell 
seen at the edge of an infarct. (3) Pyknosis, in Avhich the nuclear material 
is condensed into a small deeply-staining mass. The student must learn 
to recognize_ necrosis under the microscope, because he Avill encounter 
tissue death in most discuses and in every or^jan of tlic bodv. 

'I'he gross api)earance also varies, there being tAvo main tA^pes known as 
(-Ou^uuitiou i\(^ciosis und licjiuduction or collicjuativc necrosis, 

Coagulatam iVecros/.v.- Coagulation necrosis is the common form, and is 
cliaractenstioally seen in infarcts of the kidney or sj)leen. The part becomes 
dry. ilouiogeneous, and opaque. There is coagulation of the cvtoplasm 
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by intracj'llular enzymes. Perhaps some o{ the surrotuvViug lymph may 
be absorbed and coagnlatcd in the same way. The process is similar to 
coagulation of the blood. Architectural outlines (glomeruli, tubules) may 
be preserved though all cellular detail is lost. The co.agulatcii material may 
remain unchangc<i for long periods of tune,hut at the margin of the tufareted 
area there is a gradual process of ahborjrtion owing to the action of ])roteo- 
lytic cnz>nnes in the leucocytes brought by the circulating Ijlond. In the 
course of time calcification may occur. 

Lifiwfncthn iYfcrfj.fM.—Uqucfactiou necrosis occurs in the central nerv- 
ous system, 'riie necrotic area hccomes Mjftenetl at\d Uciucfied, and the 
fluid material is absorbcrl leaving a cyst-like space. The ciutnge is profiably 
in sonic way dependent on tlic lugh lipid content of the nervous tissue. 



Fio 13 Fio 1-1 Fjo 15 

FtO" 13 ta 15.— Fomi’* of nuclear dcurncmUon in U»e Uibuli". of tlic tviincy. 

Fia 13 — Clironulolyri^ The ruclc» •>! the tipiwr tuhule iia\e di'Upjwirtil 
Fjq H.— Ka^ 3 o^^he^J■» The nuclei are broken up tmo ®rnan (raementx 
Flo 16 — Tykno^i’. The nuclear roatcnal collecttnl tnto small compact ma,«pcs. 
X 500. 


Cask.xtiox.— Casc.ation is a form of necrosis in which all details of 
structure are wipetl out, with the pro<hicti<m of a dry, cliecsy, granular 
material, completely amorphous. In ordinary necrosis, on the other hand, 
though the cells are destroywl the stroma is spartnl, so that the architecture 
is preserved, ('aseation is the eharacteristic necrotic change of tuberculosis 
and syphilis. Tuberculous caseous tissue is not chemotactic, so tljat it 
attracts no leucocytes', the materia! therefore remains unchanged owing to 
the absence of leucocytic ferments. If secondary infection occurs there is 
invasion of leucocytes and softening may rapidlx follow Caseous material 
has a high fat content, and calcification is a frequent sequel. 

Aitolysp?.— Autolysis plays an important part in producing the picture 
of necrosis. Take two pieces of fresh tissue, heat one for an hour at C. 
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or boil it for a few minutes, then insert both pieces in tlic abclominal cavity 
of an animal. The fate of the two pieces will be very aifl'ercnt. The heated 
piece in ^yhich the enzymes have been destroyed will undergo little change, 
the nuclei staining well after a lapse of months. 1 he nnheated ])icce v ill 
pass through the usual changes characteristic of necrosis owing to the 
autolytic action of its enzymes. If the two pieces arc placed in norimal 
saline and incubated, the heated piece will show no change, but the cells 
of the unheated piece will undergo enormous swelling due to the enzymes 
breaking down the large molecules into a greater number of small molecules 



Fig. 16.— Fat necrosis. The necrotic fat cells have a cloudy appearance. X 400. 


with increase of the osmotic pressure and imbibition of fluid. For this 
reason dead cells floating in a fluid medium become very swollen. Autolysis 
])roceeds much more quickly outside the body than in necrotic areas s\ich 
as infarcts, because the plasma contains substances which inhibit the action 
of the enzymes. 

Fat Necrosis.— AYhen the pancreatic secretion is liberated in the ab- 
domen owing to inflammation (acute pancreatitis) or injury to the pancreas, 
the fat-splitting ferment, lipase, acts upon the fat on tiic surface of the 
liancreas and in the omentum with the production of small opaque white 
areas of fat necrosis. The fat is split into glycerin and a fatty acid. The 
lornuT is absorbed, while the latter remains in the colls as acicular crystals. 
The necrotic fat cells are easily recognized, because the material whic'h thev 
eontain is much less .soluble than normal fat, and is therefore not dissolved 
away in paraffin sections, giving the cells a cloudy appearance. (Fif'.fO.) 
The patches may be rapidly removed; in experimental fat neerosis'^thev 
have disappeared in eleven days. Calcium may unite with the fatty acid 
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to form a calcium soap, and lime salts may be deposited in the patches of 
necrosis rendering them permanent. Recent patches are surrounded by a 
zone of leucocytes. Chving to postmortem changes in the pancreas lipase 
may be liberated after death and produce fat necrosis. These postmortem 
patches can be distinguished from those produced during life as the result 
of disease by the absence (»f the zone of leucocytes. 

Trauvuilic fat ticcro.'iis is quite a different matter. As a result of injury 
the fat colls of subcutaneous tissue may lie injured, and an area of indura- 
tion partly necrotic, partly inflammatory in character, is produced. The 
fat cells resemble those in the op.aqiic patches of pancreatic fat necrosis, 
containing insoluble material in paraffin sections. A well-marked inflam- 
matory reaction is seen around and within the affected area; foreign body 
giant cells often form a striking feature so that the lesion may be mistaken 
for tuberculosis or syphilis. The breast is the most common site. 


GANGRENE 


Gangrene is death of a part with putrefaction siipcraddinl. 

The essence of the process is putrefaction. In the sttidcnt's mind aiul 
in that of the surgeon there is often confusion as to the difference betw een 
gangrene, necrosis and infarction. In gangrene the tissties become putrid 
and rotten owing to the action of siprophytie putrefying bacteria. Necrosis 
is a micro-^copic term indicating cellular death, whilst infarction is a gross 
term signifying death of a part owing to sudden ischemia. An infarct is of 
course necrotic, but bacteria play no part in the process 

Saprophj'tcs grow only in dead tissue, so that gangrene can only occur 
in parts vhich are already dead and which are exposed to these bacteria. 
It is therefore found in skin surfaces, and in the mouth, bowel, lung, cervix, 
etc. It does not occur in the heart, liver nr spleen Gangrene may be moist 
(wet) or dry. In moist gangrene there Is abundant fluid in the part due to 
venous obstruction, lack of evaporation, etc., a condition winch favors the 
prolific gro\Nth of putrefying bacteria. It therefore occurs in internal 
organs (bowel, lung), or in an extremity when veins as well as arteries an- 
occluded. Dry gangrene occurs where tliere is little fluid in the tissues 
owiqg to evaporation or good venous drainacc. It is therefore confined to 
the c-xtremities and is caused most characteristically hy the gradual lun low- 
ing of the lumen of an artery by arteriosclerosis, so that the tissue' have 
time to become dried out. Sudden obstruction of an artery by an i iiil)olu« 
may lead to moist gangrene. A common Wief is that bacterial infection 
plays no part in dry gangrene. This is a mistake. Tlie clu"ical color 
change of the part (sec below) is due to the action of saprophy tes on 
blood, and these bacteria can be demonstrated if the part is incubated h a 
fluid medium. 


Dry Gangrene.— Drj' gangrene is .«een in typical form when the 
to the foot are closed off in old aze as the result of arteriosderesf- 
part is cold and pulsclcs.’’, there is no collateral circulation, 
without a slight injury’ ganzrece beans in one of the toes, a? 
farthest from the hloM supply. Tbe part contains so ” 
invading bacteria grow tnth dKcultj' in the dead tissue 
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the ciangi'cne is sIo^v. The part becomes dry, shrivcliecl and dark like tlu*. 
foot of a mummy. Hemolysis of the red blood cells liberates tlie laano- 
globin, which is Jieted on by the hydrogen disnlpliide produced l^y tlu' bac- 
teria with the formation of black suljdude of iron so that the tissues are 
stained black. The gangrene extends slowly ujjward until it roiiehcs a 
point where the circulation is sufficient to keep the ivart alive. At tins level 
a line of separation is formed between the li'dng and dead ti.ssue. The liiK' 
consists of inflammatory granulation tissue, which erodes the (lead tissue 
and finally brings about complete separation. The microscopic jneture is 
one of complete necrosis, but in addition there is usually a blurring and 
smudging of outline, a disintegration and breaking-up of tissue beyond what 
is seen in simple necrosis. 

Moist Gangrene.— Aloist gangrene is the same process in a jrart contain- 
ing fluid, but the efl'ect on the patient is very difl'erent. (’tangrenc of 
internal organs (lung, bowel, etc.) is always of the moist variety. Tt 
rapidly develops when the venous as rvell as the arterial flow is blocked 
and the part becomes filled with blood. This is seen in the limb.s (injury to 
a main artery and vein) as well as in the viscera (strangulated hernia). It 
may also develop in naturally moist external regions (vulva). The tissue 
becomes rotten and putrid, in sharp contrast to the necrosis of such a lesion 
as an infarct. Owing to the abundant moisture there is rapid growth of 
putrefncti\'e bacteria which break down the dead tissue with the formation 
of foul-smelling nitrogenous end-products such as indol and skatol. Tlic 
organisms cause liquefaction of the tissues and sometimes gas formation, so 
that blebs of fluid form under the skin and bubbles of gas give an emphyse- 
matous crackling when the part is palpated. Sulphide of iron is formed 
from the decomposed hemoglobin as in dry gangrene, and the parts are 
stained dark blue, green, and black. The local .spread of the condition is 
very rapid and there is no attempt to form a line of flemareation. The 
most serious feature is the great absorption of toxic products which cause 
profound toxemia and finally death. In dry gangrene little or no absorption 
take.s place. 

Causes. —The two great factors are loss of blood su])ply and bacterial 
infection; often these two are combined. SriiUc gamjrcuc occurs in old 
people with arteries narrowed by arteriosclerosis, but the thrombosis is 
often re.si)onsible for the fin.al occlu.sion. 'I'lie gangrene begins in the foot, 
commonly in the big toe, and is naturally of the dry variety. Diahet/’c 
(jangrvnc is very similar in type, though occurring in younger persons. 
Here again the arteries are narrowed, but in addition the sugar in the tissues 
favors bacterial growth. Thmmhouiujuiis- ohlUvrana is often complicated bv 
dry gangrene, usually in the lower limb but occasionally in the upper limb. 
The si)asmodic narrowing of the arterioles in RminamV)^ dheafie and in 
chronic ergot pommittg may lead to dry gangrene of tiie extremities. Sudden 
ocelusion of an artery by nnboli.yii or thrombosis may result in gangrene, 
but only ii the collateral circulation is insufficient for the needs of the part' 
In a limb with healthy vessels there is no danger of gangrene, but embeflism 
oi file superior mesenteric artery is certain to be followed by moist ^anm-enc. 
fiijlnmmaiwn may be comjflicated by gangrene, especially when the vessels 
become thrombosed. Gangrene of an inflamed appendix is a good example. 
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Frostbite may cause gangrene of such extremities as the fingers, toes, nose 
and cars. Necrosis is first pnaJiiced by thrombosis in the vessels, ami in- 
fection issuperadded. Bedsores are an exampleofgangrcncduc to pressure 
which occludes the vessels leading to necrosis in a previously devitalized 
part. Escharotics (strong acids and alkalis) kill the tissues by direct action. 

Acids produce dry gangrene as they coagulate the fluids in the tissues; 
alkalis produce moist gangrene as they cause liquefaction of the tissue. 

CarhoUc acid applications to a finger may be followed by death and gangrene 
in the course of a few hours. 

Gas gangrene merits separate consideration. It is one of the most 
important complications of war wounds, and is occasionally seen after 
wounds in civil life and following surgical operations. The tissue is kille<l 
by trauma or the action of pathogenic bacteria. The dead tissue is then 
decomposed by saprophytic anaerobic bacilli with the formation of foul- 
smelling gas and fluid. The chief of these anaerobes are: (1) Bacillus 
wclchii (Bacillus aerugencs cnpsulatus), (2) Vibrion septique (probably 
identical with the bacillus of malignant etlcma), and (3) Ilacillus axle- 
matiens. The gangrene, which is of the moist variety, alTects principally 
the muscles. Gas can be pressed up and down the fibers, and softening 
and liquefaction soon follow. Microscopically the .sarcolemtna is seen to 
be separated from the fiber by a space fiIU‘d with toxic fluid, so that the 
fiber loses its blood supply and quickly dies. As this fluid passes up and 
(low n the entire length of the fibers, the spread of the condition is very rapid. 

POSTMORTEM CHANGES 

The changes winch the body undergoes after death arc of great impor- 
tance. ^Yithout a knowledge of tlicse it is possible to make grave errors in 
performing an autopsy by mistaking the results of these clianges for the 
lesions of disease produced during life. They are also of great importance 
in medico-legal work in determining how long a body has bi'on dead. The 
changes unfortunately depend on a mimljcr of variable factors, of which 
tJjc most important are tlie temperaturt* of the air. the temperature of the 
body at the time of death, and the presence of widespread bacterial infet*- 
tion. In spite of what one reads in detective stories it is seldom possible 
to fix the hour of death with an> exactness. 'Hie two principal changes are 
rigor mortis and postmortem decom})ositinn. 

Rigor Mortis.— After death there is a stilTening of the muscles, a condi- 
tion of rigor. It begins in the mUM*les of the face and passes downward 
until the legs are irisohed. It |Kisses olT in the s.ime order. Tlie time of 
onset as a rule is from one to six hours, and the rigor pas.ses off in from one 
to two d.ays. These times and tlie order in w hicli the muscles are invoK ed 
arc of evident imjKirtance in niedieo-legal eases, hut the times var\ greatlv 
In persons dying in the midst of st'verc muscular exertion rigor mortis 
wnie.s on so quickly that the ImkIj ma> liectune stiff almost at once. Tin’s 
sudden rigor is seen in soldiers killed in battle and in animals killed during 
the chase, and is due to the lat^e amount of lactic acid in the imisdes. In 
strychnine ixiisoning and in tetanus the stiffening is also sudden and very 
marked. On the other hand it is delayed, slight or absent in wasting dis- 
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eases, cachexia, starvation, etc. Rigor mortis is merely a coagulation o 
the muscle proteins to form myosin or muscle clot, and may be compared 
with coagulation necrosis. Its subsequent disappearance is due to the 
‘ softening of the clot by autolytic enzymes. The muscle clot can be broken 
down by force so that the limb can be freely moved. Once the rigor is 
destroyed it does not return. 

Postmortem Decomposition.— Decomposition of the body causes twi’i 
main changes; (1) discoloration, and (2) softening. Diftcoloradoii is due 
to blood pigments and their derivatives. The red blood cells are hcmoly/.cil 
after death, and the hemoglobin stains the vessel walls and the surroiinding 
tissues.' This is most marked in septicemia due to hemolytic bacteria, but 
in these cases some of the pink staining of the lining of the large vessels 

may have been antemortem. With 





the onset of putrefaction sulphur- 
etted hydrogen is formed in the in- 
testinal canal and combines with 
the iron of the breaking-down hemo- 
globin to form black sulphide of iron 
which stains the tiss\ies green and 
black. The color is first seen in the 
skin of the abdominal wall and on 
the surface of the abflominal organs. 

Fosfviorfcni soficitiiui is due to the 
action of ferments, partly autolytic 
ferments in the tissues, partly thg 
proteolytic fernumts of the sapro- 
phytic bacteriii causing putrefaction. 
The process is similar to that which 
occurs in moist gangrene. As the 
result of this ferment action the 
tissues arc first softened and finally 
liquefied. This iidfitmoricm dicicx- 
iion may thin the stomach wall and 
cause actual perforation, so that 
the stomach contents are found 
in the abdominal cavity. The hole in the stomach w.all must not 
be mistaken for an antemortem lesion, traumatic or otherwise. The dis- 
tinction is made by microscopic examination of the edge of the opening; in 
the postmortem lesion there is no inll.-unmatoiy reaction. Softening of the 
IJanereas may also occur, and the i)ancreatic juice may escape and produce 
areas of fat necrosis, but these also shoAv no leucocytic reaction The 
change proceeds very rapidly in hot Aveather, and Avhen death has been 
due to some septicemic condition invasion of the bodv bv putrefactive 
bacteria may occur even before death. When bacteria^ are found in the 
tissues at autopsy it must be realized that this may be merely a terminal 
invasion Avith no causal relation to the disease horn ^y)uch the 'patient died. 
Gas may be formed by the anaei-obic saprophytes as in gas ganorcue and 
the i.ver rull „t like „ „ coeciitioT, k.L.'; 

/tier. (hig. D .) hen a body is kept in cold storage autolysis and bacter- 



Fig. 17.— Foamj' liver. Gross .specimea 
showinn the A'acuolated ajipea ranee. 
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ial growth are greatly delayed, and ^\hcn it is injected with chemical 
poisons as in the process of embalming, both ferments and bacteria arc 
destroyed, and the tissues are preser\'cd for long periods. In the kidney of 
an embalmed body which had l>ccn buried for nine months I found that ' 
the red blood cells stained perfectly and showed no evidence of hemolysis. 
The fixation of tissues for microscopic examination depends on the same 
principle of destroying autolytic ferments and bacteria as quickly as 
possible. 
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CIRCULATORY DISTURBANCES 

The circulation of the blood through a part may be interfered with in a 
number of ways, each of which adversely allects the partieuhn tissue 
supplied; (1) there may be too much blood in a part or too little; (2) the 
vessel wall may be broken and the blood escape; (3) the blood may clot 
in the vessel and the clot may be detached and carried by the cii dilation 
so as to lodge in another vessel ; (4) the fluid part of the blood may escape 
through the intact vessel wall and collect in the tissues. We have therefore 
to study; (1) h>Tieremia and ischemia, (2) hemorrhage, (3) thrombosis 
and embolism, and (4) edema. Hyperemia, and congestion have the same 
meaning, but in practice the term hyperemia is usually applied to the active 
dilatation of arterioles and capillaries, as a result of which too much blood 
goes into the part, while congestion is applied to the passive dilatation of 
veins caused by some obstruction to the circulatioir, as a result of which 
too little blood gets out of the part. 

ARTERIAL AND CAPILLARY HYPEREMIA 

Active hyperemia is a dilatation of the arterioles and capillaries, which 
may be dilated together or singly. It may be regarded as a physiological 
response to a call of the tissue for more blood. It must be realized that the 
capillary bed of an organ at vest is never all in operation at one time. In 
a healthy kidney only a limited number of glomeruli are working at any 
given moment, and it is only through the capillaries of these glomeruli 
that an active circulation is going on. The remainder remain collapsed. 
(Fig. IS). lYhencu’er there is a call for more work the latent capillary bed 
becomes opened up. The same dilVcrence is observed between a muscle 
which has been actively contracting and one which is at rest. The active 
organ shows an active hyperemia. It has always been dillicult to under- 
stand why in an organ of uniform structure, such as the liver, a blood-borne 
toxin tends to produce focal rather than diffuse lesions. Tlie explanation 
ai)])ears to depend on the fact that some parts of the organ are relatively 
ischemic and therefore protected for a time from the injurious agent, while 
others are flooded with iflood and thus exposed to damage. 

^ Great active hyperemia of arterioles and capillaries is seen in inflamma- 
tion. A comparison between the cajnllary bed in a normal and an inflamed 
omentum will soon ])rove the truth of this statement. In the early stages 
of pneumoiiia the vessels in the walls of the alveoli show an extreme degree 
of hyiH'remia. Inflammatory hyperemia is due to the direct action of toxins 
on the walls of the vessels, because it occurs when all the nerves to the part 
( r>0 ) 



VEXOUS COSGESTIOX 


51 


arc cut, and yet nervous influence docs exert s<>me influence ujwn it. 
Active hjiKTCinia may largely disappear after death. 


VENOUS CONGESTION 

Venous congestion or passive 
hyperemia is a condition in 
^\hich the blood accumulates on 
the venous side of the vascular 
tree. The congestion may be 
general or local. Both of thtse 
may be acute or chronic. Of these 
variousforms chnmic general ven- 
ous congestion is by far the most 
itnportnut. 

General Venous Congestion.— 
C.\usi>.— x\s the condition is 
general the cause mu'.t be central. 
Thcronrconly two organs through 
which all the blood in the body 
must pass. These are the heart 
ajid the lungs. Obstruction to 
the circulation through either of 
these organs will give ri«K‘ to 
general venous congestion .\s 
the obstruction is usually chronic 
in type the eongestion will be 
clmmic. In the lirnrt the com- 
mon cause is mitral stenosj-, , but 
I 'mitral incompetence ami asictic 
valvular (Useast* will load in the 
end to tbe same result. 'Chronic 



Tio 18 —Tlic upper plomcrulus n full of 
blood an<l aetive. the lower one h Ischemic 
and rc^unc X 200 


m.vocanlia^ failure from wTlatvTrr c.uivc is nU) ass<H‘iatctl with chronic 
\ennus congestion. ^ 

In the hiv(jr the chief causes of obstruction an^- emplnsom a and'fihroMs. 
In emphysema there is grc.at distention of the alveoli with destruction of 
the alvtsdar walls and narrowing of tlie cjipillaries in those which remain, 
’rijc result is a marhed obstruction to the pulmonaiy eireulatimi with 
distention of the right side of the heart and accumulation of hlocxl in the 
Ncins. Fihrosis of the lungs as the result of tulicrculosiior other chronic 
infections also leads to obliteration of the pulmonary capillaries with result- 
ing venous congestion. 

'lliesc forms of congestion are of the chronic t>*pc. If eariUac failure is 
more acute, usually left ventricular in type, the venous congwtion w ill also 
be acute. Tliis ty|)e of failure often develops as a terminal phenomenon, 
and as tbe lungs arc the first to suffer, it is seldom that niit ^-=y fajN to 
n'veal some degree of pultnonarj' eongotion. 
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Effects of Cukonic Venous Congestion.— These are botli frencral 
and local. The {]encral effects are due to insufficient oxyRenation. OwiiiR 
to accumulation' of blood in the dilated veins the 5_)«'d.o[ the circuhition 
is slowed, .das;u_and the blood is not sufficiently "aerated in the luiiRs. 
f^Ioreovcr the edema oUhcjjuigs_>yhich so pmmou^ de^•elo])s .still further 
prevents a proper hiterehange of gases. Owing to the resulting anoxemia 
there"vTll bell vai-ydug degree of dyspnea or shortness of breath. As the 
blood remains unduly long in the venuETau'd capillariesltlierc is a marked 
increase in the amount of reduced hemoglobin, the blood becomes more 
venous in type, and the patient manifests c//«»osw, a blueness or lividity of 

flie'sffiii and miicbiis'inembra'ncs, 



Fig. 19.— Nutmeg liver. Tlie cut surface 
has a mottled apiiearance. 


well seen in the e^irs tmd lips. 
Cyanosis is seen in other con- 
ditions in which the blood is im- 
perfectly oxygentitcil, ('.specially 
in pulmonary disease and in con- 
genital heart disease where tin 
abnormal communication exists 
between the right and left sides 
of the heart. Owing to the general 
congestion the walls of the veins 
are injured and fluid eseapes from 
the vessels into the tis.sucs causing 
edema, espeeially in dependent 
parts such as the feet. Fluid 
may _ajso pass into the serous 
cay]ti£a__with the production of 
ascites, pleural etTusion, etc. 

The local effects are observed 
in the iudivklual organs. These 
are described elsewhere, more 


particularly in connection with the lungs, liver, spleen and kidneys. 

Local Venous Congestion.— When the main vein from a region or an 
organ is obstructed a condition of local venous congestion is produced. 
The obstruction may i)e acute or chronic. .Icafc obstruction is usuallv due 
to thrombosis in the vein, but may also be caused by sudden pressure on 
the vein, as in strangulation of a loop of bowel, twisting of the pedicle of an 
ovarian cyst, etc. The re.sult is very similar to the'producfTon of a hemor- 
rhagic infarct which will be described presently. There is no time for a 
collateral circulation to lie set up, so that there isTntense engorgement of 
the yenulcs and capillaries; main; of these rupture, and thcre is hTpipn-hagc 
Tb;. thejiart which bec-omes dark purple. Under the microscopiTthe 
tissues are seen to be stnifecl^ffili.bh^^^^ The condition is best observed 
in strangulation of the liowel, but may also occasionally be observed in the 
spleen, kidney, and other organs. 


In chronic ahslrnction due to the pressure of tumors, enlarged glands, 
aneurism, I'te., a collateral circulation is gradually established, so that tin' 
results are less severe. If the veins of the collateral crfcnlation are super- 
ficial they can readily be seen and offer useful help in making a correct 
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diagnosis. Even when they cannot Ikj seen with tlie unaided eye, they can 
he made visible by photographing the area using infra-rctl films. In 
-.1 - i*-» t 1 'ns are 

, ' ' , in the 

• ... 


An important form of chronic local venous congestion is that due to ob- 
struction of the portal vein, usually the result of cirrhosis of the liver.' In 
■poHal ohslrxiction the radicles of the portal vein become distended and 
varicose. Important varicosities are formed at the l ower end of the e^opha - 
gus and the lower end of the rectum. The latter form hemorriiokls or 
pilt^ and the former Imij'ruplurti'eausing hemorrhage into the stomach 
which may prove fatal. Just as coughing of blood (hemopt\'si>) is a sign 
of pulmonary congestion, so vomiting of blood (liematemesisl is a sign of 
portal congestion. Fluid may pass from the branches of the jHirtal vein 
into the peritoneal cavitj’ causing ascites. 


ISCHEMU 

Ischemia is a local anemia, a cutting-olT of the arterial blood .supply 
to a part. It may bo suddf‘n_or.graduaI. Sudden ohstrjidion is*.of. course, 
produced.vhcn* a vessel is ligatured, but in disease the usual causes are 
thrombosis and embolism. The result depends on the question of collateral 
circulation. If this can be established rapidly and adequately, blood reaches 
the part by other channels, and no serious damage is done. If such a cir- 
culation cannot he estahlislied, part or the whole of the area affected will 
quickly die. Tltis change, wiiich is well seen in the heart, spleen, kidney, 
and bruin, is calico! infarction and will be studied in connection witli tin* 
process of embolism. 

Gradual ohMrucliou is usually due to arteriosclerosis in which thickening 
of the intima lends to narrow ’ 
the parenchymatous tissue 

by fibrous tis<5Ue. This ch: ^ „ 

Kirdinm (ischemic necrosis). In the brain it leads to softening, (iradual 
obstruction of tlie arteries ni.ayaIso l)c produced by pressure from witliniit, 
but tliis is of little importance apart from the pressure of .splints and the 
formation of lied sores. Ischemia may be caused liy prolongffl arterial 
spasm in ergot poisoning and in Rajiiaud’s disease, in both of which condi- 
tions gangrene of the extremities may develop. 

Anoxia.— The cells of the bod.v suffer from anoxia when thev are unable 
to obtain sufilcient oxygen or are unable to uve it. Its effeet is not only 
stop the machinery but often to wreck the machine fllaldane). 
following varieties may be distinguished: (1) Slngmiul nnoiia due to n“ 
duction in the flow of well-o.xjgenated blood, llns i^ seen in 
c.irdiac failure, and shock due to vasomotor collapse. (2) 
due to insufficient o.xygcnation of the blood as it pasMis through 
as seen in pneumonia and other w'idespread piilmonarx' lesions- / 

minxia due either to reduction in the amount of hemciglohin / 

w itli its capacity to combine with oxj'gcn, as in carlx)n ^ 
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(4) Ilisioioxk fino.TiVi due to inability of the cells to utilize oxygen, ou-ing 
to the action of such poisons as alcohol, narcotics and cyanide. 


HEMORRHAGE 


Hemorrhage or the escape of blood from a vessel may occur from a varif'ty 
of causes, some of which are simple, while others arc obscure and indeed 
unknown. The hemorrhage may j)c due to a break in the wall of the vessel 
either from trauma or disease. In other eases there seems to be no distinct 
rupture of the wall, the red colls escaping out by a prt)eess of diai7edesis. 
It is probable that many tiny hemorrhages occur in this way. The smallest 
hemorrhages, often no larger than a pin’s head in size, are called privchwi, 
while larger extravasations are-called ccchymoscs. When a hemorrhage of 
some size occurs into the tissue it may form a tumor-like swelling known 
ns a ficmnfomn, 

.Spontaneous massive hemorrhage is due to rupture of a vessel. The 
rupture may be caused by a local dilatation of the lumen with thinning 
of the wall (aneurism formation). A second class of case is the sejrticcmias, 
in which petechial hemorrhages, particularly in the serous membranes, are 
of frequent occurrence. Here the probable cause is injury of the capillary 
endothelium by the bacterial toxins, although this is dilHcnlt to prove. 
In some instances (bacterial endocarditis, typhoid fever > clumps of bacteria 
may lodge in the capillaries and eause hemorrhage. .\ third grouj) i.s tliat 
of the bleeding diseases which will be discussed in the cliapter on the Blood. 
.Some of the chief of these are pernicious anemia, leucemia. and j)urpura. 
In tlie last-n.'imed there is a great decrease in the mnnl>er of blood platelets, 
imt in none of them can it be said that we really know the can.se of the 
liemorrhage. 

Changes in the Extravasated Blood.— When the liemorrhage is very 
small, i. c., petechial in type, the red cells may be removed by pliagoeytes. 
When it is of any considerable size the red cells are broken down so that 
hemoglobin is liberated, and this stains the surrounding tissues. The 
coloring matter of the hemoglobin is tlisintegrated into two moieties’, one is 
iron-free and_ called hcvKihidin, the other contains iron and is therefore 
called hcmosulvrin. 'J’he hematoidin may be deposited in the form of 
granules or rhombic crystals which are seen ai’ound old cerebral hemor- 
rhages, but some of it is converted into bilirubin which is soluble and there- 
fore carried away and excreted in the bile. Large hemorrhages such as 
that of a rujitured tubal pregnancy may therefore be aceoinpanied by 
jaiindiee. The hemosiderin is taken up by jihagocytie cells, and these f^ive 
the Prussian blue reaction for iron. 


The Arrest of Hemorrhage. -^riiis can best be studied in a vessel which 
has been divided. 1 here is iirst temporary arrest of the hemorrhage bv the 
formation of a blood clot, followed by iiermanent arrest due to the fornvi 
tion of an inllummutory exudate wliich becomes organized and seals the 
vessel. 


The temponinj chi is produced by the coagulation of the 
which will be considered in connection with thrombo.sis. 


blood, a process 
d'ho temporary 
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* j. I >+<a 4» ^ red am! the white, llic red clot is composed of 

^ itsmeshes. Tlie icAiVe c/of. 'wliicli is a thrombus, 

dntelcts, which form a sticky mass tliat adheres 

- ^ f ^ “ to pluR the hole in the vessel wall. The tempo- 

(jfftfffiJ. CuZr lic<'^d of which is formetl hy the white clot and 

fe Uc v;Wttu. CfluL JjJ "■*“**' the stem is formed by tlie red clot 

— - y ' y sscl for some distance. 

ts from the oi^nization of the temporary clot. 
. ‘ I an inflammatory e.vudate is formed around the 

£ 0 ^ fi\)rohhists prow in, the clot is vascularized and 

— 0*^4 > . the vessel is finally plupgctl hv a mass of fil)rous 

' ' MC.'iVtvuJW, the e<lgcs of the hole. The arrangement just 
^ttitiful one, whereby the blood remains fluid in 
raverse the finest capillaries, yet the moment It 
j hole in the vessel wall. It is like a fire-sprinkler 
as all goes well, but ready for any emergency at 

)nly occurs properly in the a])sencc of infection, 
nation of the permanent clot is intcrfcrctl w-ith, 
softenc<l by the bacterial ferments, and sccortdart/ 
' or two weeks after an operation. Before the 
cident w.as a common occurrence. 




■'THROMBOSIS 

int| nn pf ^ soltd.bodv . thc thromhus, from the 
ig l)Ioo<l. All thojelcments, p latelet s , fibr in, red, 
y enter into thc formation of aTIfrombus, b'ut the 
...... »..v. ...w ...« ....... ...iportant. Thrombosis is quitu.diffcrciitiroinj'lQt- 

tingijiltliougii clotting may take part in thc formation of a thrombus. 

.\fter death the blood dots in the heart, arteries, .arid veins b ut not in 
the capillaries. When blood clots in the larger \cs 5 el 3 all the elements arc 
iiA^Ked, ami the clot is soft aiaTml. tluT " currant -r d l> *' e lot. This type 
of clot is al<o seen in tlie heart when clotting is fairly rapid. B ut i fJtJs. 


jiarL pale. .ujen»wopic.uiy me cioi lias a cnar.icierisiicaii.\ immogencous 
uppeanmee. At first the individual ml cells can l>e ^li^tingui^lH'd, Imt soon 
they .become fnscil into a uniform structureless mass. The clot shows none 
of the <!clicate architecture of a thrombus 

Mechanism of Thrombus Formation. —'riirombosis is in es<rncc* platelet 
dej')osition, wliereas clotting or coagulation is a reaction by which a sol, 
fibrinogen, is converted Into a gel, fibrin, through tlie action of ihrombo- 
kina«c. As the platelets (thromlioej'tcs) elaborate thromlwklnase, it is 
cvMcnt tliat the two processes may !>e corabinetl. If the blood flow is 
siiflicicnt in \ ohnne and \ elocity to wash away tlic tbromliokinase, clotting 
will not ownr. 
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In a stained blood smear the platelets appear as sm 
arranged in clumps, Imt moving pictures of streaming bl( 
nucleus is a very small part of the platelet, and that it 
some distance by a thin %'eil-like cytoplasm vhich is acti 
\ throws.put.jpseiidppodia are^IlTStcclliy^^^ 

Abo’ve a criticdji-cjocity are evenly distrOn 

they'^imv 'a Te^ tendency to stick together and 

intima, more especially if the iiitiiiial surface' is rough 
number of platelets'is increased (thrombocytosis) the sticl 
because of the many young forms present. Heparin ca 
to, lose their s^iclciness. Thrombocytosis ahvays folic 



Fjq. 20. —Antemortem thrombu'^, sliowin^ Inminic of pliitclots ou 
connected by librin threads. Fibrin .stain. X H 


particularly that of parturition, fractures, and surgical 
greater the injmy, the more marked is the thrombocytosis 
to thrombosis. 

As the platelets fall out of the streaming blood they for 
drift, which smoothes over any roughness of the surface, 
ridges or laminie of platelets grow across at right angl 
These give to the thrombus the appearance of a piece of cc 
of tlie lam'iua* arc seen £is ripples known as the lines o 
I,cueoeytes stick to the lamiine as hiert(rsticl<y''fly^p;ij( 
platelets liberate thromljoplastin, and this sets in motion 
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leucocytes (Fig. 21). In time the various dements are iused to form a 
hyaline mass. 

Wlien oedusion of the lumen occurs, true thrombosis ceases, because 
streaming blood is no longer available. Clotting, however, camtinucs, and 
the dot is '‘ propagated** to the n ext si de b ranch if_ f1u». vf>v5a> Lk .ari 
the next tribuUirv^ it is a vein. This propagatetl soft red clot lies floating 
fR-e in the lumen, though still anchoRd to the thrombus. In the ca'^e of a 
leg vein the propagated dot may be fr om 1 1 ^2 feet in laigdi. Propaga- 
tiou occurs ^len the stream is slow and,sluggish. If it is rapid due to 
inflow from tributaries, a new platelet thrombus may be formed on tlic 
propagated fibrin clot, not the firm adln^nt platelet thrombus, that is 
likely to be detached and form an embolus. 

Causes.— Thrombosis is the result of an up5ct iii_a delicate balan ce. 
Several things may cause this upset, some of wdilcli are known, some un- 
known. Of the known factors the two most important arc..slcudngi)-Ltiie 
blood stream and injury to the intima. 

(1) ~niroml)OsIsTs^mudi commoner in veins than in arteries. Tlic venous 

circulation is'a-low-pressurc, low-velocity system which-is dependent on 
the strength of-tho.loftveutridc, ’ ■ 

tracliuu^juid the adequacy, of-thc 

• . . with general miisfuliir immohllity 

owing to the patient being confiiidl to be<l. Slmllow l)rcathing due to 
pulmonary , disease, shock, or abdominal distension interferes with the 
veiiQUs flmv and therefore prwH^IKKcs to tbroniboMs. As 1 ladfiehl remarks, 
even in henltli there is only a narrow margin between movement and stasis 
in tlie outI>ing parts of tlic venous system, a margin which is dependent 
on general circulatory and respiratory cflicicncy. The vein walls are weak 
and thin, with little elastic tissue and thcRdorc easily collap'scd by pressure; 
they arc superficial and easily injuRHl; they are n-adily invaded by bacteria. 
In all these respects they dilTcr from the docpiy-placeil arteries witli their 
turbulent higb-\elocity flow, whilst in the intervals of flow the lumen re- 
mains empty, thanks to tlicir thick clastic walls. 

(2) Injury to the intima is the sccomi imiwrtant cause. This may occur 
in thc-urteries, the selns or the iie:irt • In the arteries Uic smooth intima 
may he roughened by atheroma, which also narrows the lumen and slows 
the stream; it may become necrotic ns the result of indignant hypertension, 
periarteritis nodoMi, or dissemiiintcHl lupus, or it may l)c injured by the 
surgeon’s knife or ligature. In the arteries, with tlic exception of the 
aorta, tlicre can. of course, be no propagatc<l clot nor danger of cmliolism. 
The veins are liable to injurj* by traiunn, by pressure, and by infection. 
In the heart the valves aR* injured by inflammation, so tlint thrombi are 
dcpositwl on the surface. 

Whilst injur\ to the intima and slowing of the blood stream are all im- 
portant, there must be a third and unknown factor which determines why 
some people develop thromlKiMS and others do not. Tills may be a chemical 
change in the blood. pos'ibl\ in the nature of a deficiency- of heparin with 
R-sulting clTcct on the stiekiiiess of the platelets. / 
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Sites.— Tlirombi may form in tlic veins, arteries, lieart, and ea])illari(’s. 

The veins arc the .commonest site of thrombosis for reasons 
already given. The thrombosis may be divided into two groups:^ (1) 
venous thrombosis, and (2) thrombophlebitis. Venmift ilimtubmif; is by 
far the more important. It is associated vith such hictors .as geijeral 
circulatory failure, interference with respiration, and tniuma. ibis is 
the type likely to be followed by pulmonary embolisin, which may (lost 
the patient his life. We have already seen that it is tlu* s<ift triable 
propagated clot which is the source of danger rather than tlu' firm ad- 
herent thrombus. About 40 per cent of instances of fatal pulmonary 
embolism occur in surgical cases, whereas 00 per cent occur in medifad 
cases, but even in the surgical cases the causal factors resjamsilde for 
the thrombosis are mainly medical in character. An excejjtion is the 
increased number and stickiness of the platelets due to production of a 
large number of young forms. This occurs during the first week following 
operations or delivery; thrombosis and pulmonary embolism arc most 
frequent between the fourth and tenth day. The common initial site of 
venous thrombosis is the deep veins of the calf muscles, with a ])ropagated 
clot occupying the femoral vein. In fatal pulmonary emboli''m the veins 
of one leg may be filled with thrombus, whilst those of the other leg are 
empty. In such a case it is probable that the fatal eml)olus came from the 
empty vein. One barrel of the gun has been dischargt'd ; the other remains 
loaded. When a person is confined to a hospital bed the \(’ins of the leg 
tend to collapse, and the pressure of the calf on a hard mattress Itrings the 
walls of the vein together with possible injury to the intima and liberation 
of thromboplastic substances which induce eoagnlation in the thin stream 
of blood that percolates through the craek-like hnntm (Fr\kholm). In 
support of this idea is the fact that during the bombing of London venous 
thrombosis of the leg veins with .subsequent fatal pulnionary embolism 
occurred in elderly persons who spent long winter nights sitting in air-raid 
shelters on deck ciiairs which pressed on the back of the leg. 

In 100 complete dissections of the veins of the pelvis and leg carried out 
by McLaehlin and Paterson on middle-aged and elderly men, thrombi were 
found in 34 per cent of cases, in 5(i per cent of which there was pulmonary 
embolism. Seventy-three per cent of the thrombi arose in the veins of the 
thigh and jiclvis. 

Thwmhophldniis has lost the importance it used to possess before the 
days of antisepsis and antil)iotie therapy. Here the thrombosis is secondary 
to inh'ction and inflammation of the vein wall (phlebitis). It is still seen 
in such conditions as cavernous sinus thrombosis in infection of the f;iee 
and thrombosis of the pelvic veins in jtuerjteral sepsis. The thrnmbn.s is 
firmly attached to the inflamed vein wall, so that there is no danger of 
massive fatal pulmonary embolism. Infection, however, causes tlie throm- 
bus to break up, in which case there may be multiple small infected infarcts 
in the lung. 

-Ir/criV.v.- Arterial thrombosis is due to local causes, in distinction to 
\-enous thrombo.sis where such general causes as failing circulation and 
embarrassed ves]hration are important factors, lloughening of the intima 
<hie to atheroma js the common causal agent.' The most frequent site is in 
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fat” type (firm and yellow) or the "currant-jeilv” type (soft and red), 
depending on the rapidity with which they are formed. 

Copif/arics. -So-called capillary thrombi arc hyaline masses iormed by 
the fusion of red blood cells. There is, however, a very rare form of dis- 
seminated capillary and arteriolar platelet thrombosis due possililj to 
damage to the cement substance of the capillary wall, involving nearly 
every organ in the body, and progressing to a rapidly fatal termination. 


(Oore) , 1 ti I 

(Ttnical Effects.— These depend on the organ and on the collateral 

eirenlation. ^Yhen one of the main veins of the leg becomes thrombosed 

the vessel is tender and feels like 



Pig. 23. — Pale thrombi .‘icllierent. to 
auricle ami auricular appendix. 


a hard cord. Edema often develops, 
and the leg nniy be swollen from the 
foot to the thigh. Simple venous 
obstruction such as tlnit produced 
by ligature of the femoral vein docs 
not cause edema. Lymphatic ob- 
struction is probably the deciding 
factor, and this is often present 
owing to spread of the infection from 
the vein to the lymirhaties. Throm- 
bosis of the portal r ein is followed by 
a rapid accumulation of fluid in the 
abdominal cavity (ascites). Throm- 
bosis of the superior mesenteric vein 
will produce the picture of hem- 
orrhagic infarction with diffuse 
hemorrhage in the tissues. The same 
is true of the lung, and more rarely 
of the spleen and kidney. Throm- 
bosis of the coronary arteries is 
followed by rapid necrosis of the 
area of myocardium involved, ac- 
companied by severe cardiac pain 
and often followed by death. Throm- 
bosis of tile cerebral arteries causes 


softening of the brain. Finally the 
thrombus or a portion of it may become rletached from the vein in which it 
is iormed and be carried into the genei'al circulation where it constitutes 
.'ill emhohis. 


Subsequent Fate of the Thrombus.— Much depends on the presence and 
degree oi iniection. If the thrombus becomes septic, i. /■., if it is infected 
witli pyogenic bacteria, it will hceome softened and disintegrated, and may 
even he eouverted into an abscess. It is evident that in such a case the 
patient will lie exjiosed to all the risks of pyemia. As a rule, however, tlie 
course is aseptic. Contraction of the thrombus occurs owing to tile fibrin 
wliieh it contains. 'J'he clot may shrink from the wall of the vein, leavin" 
a space. Absorption oi part of the thrombus may take place due to the 
activity ol leucocytes. Organization is a common oeeuvreuce. This begins 
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tit tlic point wliGi'G tliG tliroinbus is {ittuclicd to tlic ^csscI ^^tlll (1 *^4). 

The process is the same as healing in a wound. New capillaries and 
fibroblasts grow in from the wall of the vessel, a vascular connective tissue 
is formed, and this is replaced by dense fibrous tissue. New channels may 
be formed through the fibrous mass and these become lined by endotlu'lium 
(canalization). (Fig. 2,5.) If the clot shrinks from the wall of the vessel, 
the space formed is similarly refined. In this way the circulation may be 
in part reestablished. Lime salts may be deposited in the thrombus to 
form a 2 )hIr,holiih. These calcified masses arc often seen in the iielvic and 
prostatic veins in roentgen-ray pictures. 

Stasis.— Kreylierg and other European workers have drawn attention 
to a condition which must.be distinguished from thrombosis, altliough it 
is often confused with this process. When a part is chilled, as in frostbite, 
the smallest vessels .are injured and when circulation is reestalilished tliey 
dilate and plasma pours out through their walls owing to increased ])ermca- 
bility. As a result- the erythrocytes in the minute vessels become eonglu- 
tinated to form a homogeneous eosinophilic mass which lilocks the lumen. 
Such a mass is commonly referred to as a hyaline thrombus, an unfortunate 
misuse of a term, for it is in no sense a true thrombus. To this process the 
name of stasis has been given. The process is of particular importance 
in frostbite, where it may lead to necrosis and gangrene owing to the anoxia 
produced. 


EMBOLISM 

An embolus is a foreign body which is transported from one part of the 
circulatory system to another where it becomes impacted. The ] 5 rocess 
is known as embolism. The usual form of embolus is a thrombus which 
has formed either in the heart or in the bloodvessels and has become de- 
tached from the wall (thromboembolism). Other forms of emboli arc 
fat, air, tumor, hone marrow, amniotic fluid, atheromatous material 
and clumps of bacteria. TliCse will be discussed separately. In addition 
to bloodvessel emljolism, some consideration must be given to lymj)hatic 
embolism. Emi)olism is of interest tor two reasons; (1 ) it is the means by 
which solid material is transported from one i)art of tlie body to the other, 
and is thus of great importance in the dissemination of tumors, bacterial 
infection, etc., (2) emlioli may produce serious effects at their point of 
impaction. 

The ftourcc oj rm6ofi/.s- depends on tJic site of the thrombus from which 
it arises. In the heart there are three sites: (1) the auricle and auricular 
api)endix. (2) a cardiac infarct in the left ventricle, (o) inflamed valves 
(the vc'gctations of endocarditis). 'J'he veins are of ecpial importance. 
Postoperative throml30sis is of special danger, and will be referred to 
IH'csently in discussing i)uhnonary embolism. (Fig. 26.) The common 
site.s of venous thrombosis have already been described in the previous 
w'ction. In embolism following abdominal and })elvic operations the fem- 
oral veins must be carefully examined for tlirombi. Tlirombi in the right 
and left auricles, particularly in the auricular appendages, are not In- 
frequently the source of emboli. An unusual form is the thromljus which 
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is developed on nn ntlieromatoiis ulcer in tlie aorta, and is then c-strried 
fnrtlier into the arterial tree. 

Infarction. — When an embolus is impactinl in an artery the elfect is the 
same as if the vessel were suddenly clo^cd by a clamp or lipature. This 
eifect may he studied exj>erimcntally either by the use of artificial cmlHili 
such ns seeds injected into the circulation or by clamping or tying the artery 
supplying the part. Kvcr\ thing depciuls on the collateral circulatioa, 
which in turn depends on the niiastoniosis between the affected vessel and 
the neighboring arterioles. In most parts of the body njiastomoses arc 
abundant so that when even a large 
artery is blocked an efllcient collat- 
eral circulation is soon es.tal)lished; 
the palmar arch is an e.\ample of 
perfect collateraf eirculatioii. Liga- 
ture of-thc femoral arter\ is at first 
followed hy blanching of the Iiml> 
which beesunes numb aful cold- The 
nnaston»)tic arteries un<Iergo active 
dilatatic>n, and blood fimis its way 
into the ischemic tissue lieforc any ^ 

pcrm.iuent damage is done, 'llie ’ * ’ i ", 

collateral circulation must he main- * ■ * . 

tainwl, i c., tlie dilatathm is per- 
manent. Tin- walls of the dihite<I 
arteries become thicketKsl to ac- 
commodate the increast.'il prt'ssurc. 

It is evident that the efflciene.x of 
the collateral circulation will depend 
on two factors: (1) the state of the 
vessels, and (2) the strength of tlie 
heart. In an old pef'soii whose 
\ c-s-els are <li'>east.sl ow ing t<> arteri- 
osclerosis ami whov heart is weak, 
the colhittT.il circiil.itinn may be 
inadctjuatcaudgangrcfic wifi result. 

What has been .s;n’<! of ligaiurc of an 
arter\ iscqualiv true of obsirm-tion 

from eml)oli'm. Fio 2C — Thrumlni'* at Fite of itclvie 

.\n iafnrrf is an are.i of coagnla- opcrauoti part l<«me<1ctncho.l nn>l 
linMiu-cnisisreMiltiuKfromasuililcii 
arrest of cimtlation in the artery 
supplying an area without adequate 

follatcntl circulation. The word inc.uis a NtufTing of bloml (infarrirc, to 
-<tnfr). but this is not an essentw! feature of the pnKt'ss, dc|H*mling on the 
tolIatoRil circtilatioti and the looseness of texture of the j)art. It is ojily in 
the Inng and the l>owcl that the part is sttiffetl witli bloml. In most of the 
\ i-^Tr.! the anastomo'-es are lt*ps nbumlant than in tlie limbs. 

After a tnuj'-ient initial period of hx |»erenuu the infarct l>e<'omes i'chemic 
ami pale. The an'a is w eilge-shaiMxl owing to the fan-like distrihutlon of 
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the vessels. The collateral circulation eiulcavors to pour l>k>od into the 
part, and owing to dilatation of the capillaries a hemorrhagic border is 
formed around the infarcted area. If this border is wide enough the entire 
area becomes hemorrhagic and stufled with blood, /Vn infarct may there- 
fore be or red, the difference depending on the excellence of the col- 
lateral circulation. Infarcts of the kidney and heart tend to remain pale, 
those of the spleen tend to become red, while in the lung they are always 
red- 

The redness is due to dilatation of the anastomotic vessels. Blood is 
forced into the collapsed vessels of the ischemic area, “'so that the part 
becomes stuffed with red cells. The overdistended vessels may gi\-e way, 
so that hemorrhage occurs. This is most marked in i)oorly supported 
capillaries such as those of the lungs and to a lesser degree in the spleen. 



Fig. 27.— Infarct of kidney. Tlie infarcted area is necroiie and is surrounded 1)3- a dark 
zone of coujiestion. Note tlie iduggod arter3’, X S. 


In about two hours the red cells become lused together into a homogeneous 
mass in wliich their outline can no longer be distinguished. 

'J'hc tissues in the ischemic area undergo necrosis and die; and within 
forty-eight hours tlie infarct of the kidney is completely necrotic. (Fig. 27.) 
'J'he necrosis is coagulative in type, so that dim outlines of the tubules and 
glomeruli may remain for a long time. The area is e3'idently kidney, but 
it is a city of the dead from which all life and activity have long since van- 
ished. In sections the whole infarcted area stains diiru.sely with eosin, but 
at the margin nuclear remains may be seen, and the phenomenon of karvor- 
rlmxis is often very well marked. The nuclear fragments are apt to be 
mistaken for the nuclei of iiolymorphonuclear leucocytes. At the margin 
there is an extreme degree of hyperemia, and the hyjieremic zone milrbe 
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o{ cMnsidcrable width. The hyperemia moy he attributed to tlic irritation 
produced by the dead tissue. In o ld-sta nd'mR eases a zone of fibrous tissue 
may be forinc<l around the inffirct. 

Tile gross appearance of nn t«/firc< of. kidney is very churactcristie. 
(Fig. 2S.) An irregular urea is obscrv'cti on the surface, often slightly 
dcprcsswl and surrounded by a pink zone of hy|)crenuii. The cut surface 
shows nn area which may hcwwige-shflpcd or irregular involving the whole 
widtli of tlie cortex and some of the medulla, pale in color and surrounded 
by a pink l)order. 

In the spicen tiio jiroccss Is very similar, hut the collateral circulation is 
better, so tiiat the infarct may lie either rc<l or pale. Old Infarcts, however, 
are always p.ale, for the hemoglobin is gradually removed, the red cells 
disappear, and decoloriiation takes place. 

. I Infnrdion of the hrart Is tlie 
result of thrombosis of one 
or more of the coronary ar- 
teries; Only in very rare in- 
stances is it due to cinlKilism. 

Itconstitutcsonc of the most 
important forms of Iteart dis- 
ease, and is considered in 
detail in cfinuectjonwith dis- 
eases of tluit organ. 

I^ihnomry embolism and 
tnfnrclinn arc naturally verj* 
frequent, because an cml>o!us 
which originates in tlie veins 
or in the right auricle will lie 
arrested in the lungs. The 
condition is of g^c^at surgical 
inifKutance l>ecaiisc of the 
frequency with wliicb it 
follows operations, cs{K.-dalfy 
operations on tlie female 
jK-lvis. In one large surgical clinic it is tliat 7 jx-r r-rnt 

of the postoperative deaths o\er a yries of years witc due to this e:jU'»-. 
It is necc5s:iry to distingui'h lictwccn pulnionarj' cndKili-m arnJ infarction, 
nicreinay l)c: (Ijcmlylism without infartlion. and (2) infarction without 
cmlxjlisra. (1 ) A Lirge emlK*lus m.iy occlude the jmlmon.nry artm or on<- 
of its main branches fl-7g. 20;. and the patient dn-s of «!if>tk in a few minul»-> , 
ill such a ca*^ there is no time for an infarct to develop. Df-ath to 

Ik* due to constriction of the pulmonary arterir*!'-?, a^ «#^<-tion of ilie syiniKi- 
thctic in aniinaU prevents it. In a t«.vr of susp'-t-tiil puItnon.ir> eml»oli'ni 
spocitJ care mu.-t 1*? taken with tltc autopsy. The pnJmonarj' arttr}' mU't 
Ikj opened with the heart in ntu, tls** the emlKdij-* is apt to lx? didMg^^l. 
Tlie heart and lungs are tlien rensme*! rn mnt*r and the brambf-s of th** 
arterj- carefully opeuKi. .\ postmortna clot may lx? rni»tal-»*n for an 
crnlKilus. Tlie etnlxdu.s is more dry and brittle than tbe clot, and often 
>bows a twisted, l>ent, or curl«3 app^^arance whi'di U %'ery cbaractcriftK 



Flo 2S —Infarct of ki<In**y Ther» are t>»*\xfa1 
inlcafssvHof inf.'irriion in th«* ♦‘ortrt 



66 


CIRCUhA TORY DISTURBA NCES 


in an embalmed body the clot may be as dry as an c 
scopic examination wili show the more complex structun 
(fused platelets, etc.). (2) On the other hand an infa 
stuffed rvitb blood, may be produced by thrombosis of oi 
veins quite apart from embolism. Postoperative emb 
into three groups: (1 ) Large emboli which occlude a mf 
death with acute respiratory distress in the course of t 
hledium-sized emboli which produce the physical si 
(3) Small emboli which give rise to characteristic sym} 
in the side, spitting of blood) but no physical signs. T 
occurs in the second rveek of convalescence, but may o( 
two or three duvs. Pulmonary embolism may take plac( 
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hypertensive in origin. In most of the cases the ■ 
was sj)ontancons, and unassocnited with any apj)are!it i 
veins. I n a later comnumication Belt points out that rec 
complete after a noniatal attack, tor organizing on 
cicatricial stenosis of the pulmonary arteries and thus 
thrombosis. 

The use of anticoagulants such as heparin and Diem 
or combined^, has proved of great value in preventiii 
embolism. The fatal embolus is often preceded by 
emimlisin, or the occurrence ot \’en()us thrombosis in tli 

- * 1 _ I* • II T’\ . » » . » 



Fig. 29. —Pulmonary embolism. A twisted 
embolus oeclude.s the pulmonary artery and its 
two main branclie.s. The patient died in the 
cour.se of a few minutes. 
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to prevent pulmonary cmholis-m. A fnmily history of thromhocinholiMii Is 
often of value in inittiriR the pliysician ou puard apaiiist tliis complication. 

Infarcts of the limp are always red because tlic organ has a double blood 
supply. Tlic hroncljjaJ artery su])p]ies blooil fr)r nutrition at systemic 
jiressurc, ^sht•rcas the pulmonary nrterj* supplies blood for o\\genation at 
one-tbird of that jircssurc. The bronchial artery H*rve> the imijortnnt 
function of hUing both circulatory Iwtls with bUwd bey<(nd an einbolns. 
Tile collateral circulation is therefore abundant. Two results follow from 
this: (1) Occlusion of a pulmonary arterj' in a liealtby lung is not fnlloned 
by infarction, because of the abundant aiiastoniosus. If the circulation 



I’lo. 30 — Infarcts of liinR T«o irfarcO: nre fccn at the surfiice of the lower part of tlie 
lung The arterj* passing to the lower infarct Is fjllcil hy a pale cmlxilas. 


in the lung is impaired, as in chronic tenons congestion, eml>o!i^m readily 
result* in infarction. In poi>tojKTativc eases, particularly when the ah- 
domen has been opened, there is always such impairment owing to inter- 
ference with the rcr-jiiratory movements and to the patient lying on hi' 
hack. (2) The infarct is hemorriiagic and remain'' rwl. In exmrse of time 
the infarct will dis.ap{K'ur, but if the lung is inil.itwl and rareful search Ik- 
made, small peripheral scars will often indicate tJic site of previoua infarct'-. 
Castlcman has shown that these lesions e;«i lie detccteil in roc-ntgen-ray 
films ns fine white lines, whilst mieroscopicall.' tlie\ can be rc-oopuizetl by 
the prc*cuce of irregular elastic fillers press-nting a blrarre curle\--eue 
arrangement. The infarct apjK’ars a.' a finn bnubt reil, 
area; the base of the wwlge is at the Mtrf.u-* it .} • > -' < n-il by a diin 
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exudate. (Fig. 30.) The pleurisy is the cause of the charaetei'istic paiti in 
the side and the friction rub. The infarct is raised above the surrounding 
level and feels firm to the touch. The raised appearance is due to collai)se 
of the surrounding lung when the chest is opened; if the chest is roentgen- 
rayed before being opened, the infarct ^vill be seen to^ be dc})ressed, not 
raised (Castleman). The cut surface is quite dry. 'Hie extent of the 
infarct varies enormously, often quite small, but sometimes involving the 
greater part of a lobe. Microscopically the alveoli arc stullcd with blood, 
and their outlines are no longer visible, owing to necrosis of the alveolar 
walls. The presence of blood in the sputum is thus easy to understand. 



Fio, 31 .—Paradoxical eml)olis:m. The embolus is passing through a large foramen ovale 

into the left auricle. 


Should the embolus be septic the element of infarction is obscured by 
the development of abscesses, usmdly multiple. The infected emboli may 
reach the right side of the heart mi the superior vena cava (septic throm- 
bosis of the lateral sinus and jugular vein, etc.), or vin the inferior vena 
cava (septic thrombosis in the puerperal uterus, etc.). 

KviboUsm of the mesciiicnc urferg leads to infarction of the bowel and 
constitutes one of the acute abdominal catastrophes. The superior mes- 
enteric is the vessel usuall>' involved. The sudden loss of the blood supplv 
of the bowel wall is followed by gangrene and other consequences whicli 
are described in Chapter 20. 

Cerebral emboUsin leads to infarction of the brain and subsequent cerebral 
soitenmg. Necrosis is followed by liquefaction, so that a evst may be 
formed. 
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Jlvilolwn of the central artrri/ of the rcthin results in sudden blindness 
witli necrosis of the retina. 

'■^AttADQXic.vi. I2mdourm.~T1us term b applied to the ca«e where an emlx)lti'! 
arises in a \om but lodges in a systemic artm* instead nf in the n'llmnnary itflcr y. 
The occurrence is^rarc, bi7t an important example of theso-e.allcd “cro^'otl emlwl*,) 
i?in b cerebral cml)oli-.m with hcmiplcRia following puer}>cral thrombosis of the i>clvic|| 
and femoral vein" Tiie usual c\planationKivenistiwt the einl>oliiFha‘'pa-" 0 (U!irouKh|l 
a patent foramen ox'aie. If the foramen is really large tins ji jxissiblo, {I'ig. 31), 
but in many of the cases the foramen is jtmall or eonipletrly clostnl. In tlu'K' ra^es 
the following possibilities may occur: (1) Clumps of hacterb may pas-* throuch the 
pulmonars' capillaries and lodge in the cerebral \csscb where they set up thrniul'o^b 
with resulting softening of the brain and hemiplegia. (2) Infarction of the lung 
which is so common in pncrperal thrombosis may cause thrombosis of the pulmonary 
\essc!«, and from this an emlmlus may arise wlueli irniy ;»ass to the brain. (3) An 
ciulocarditb on tlic leftside of the heart may rompheale puerperal sepsis, anti the 
Acgctations may form emboli which lodge in the braiii- 

RETnooRADr; Esibolissi.— Retrograde cmlxilism is the plugging of a vein by an 
eniliolus nio\’ing in a direction contrarj* to the norma! blood flow. Various e\i)l.sna- 
tions have lieen given of this rare occurrence, but none are Kitisfaetory enough to 
warrant mention. 

Tat EmiioU'-m. — G lobules of fat may enter the blood stream and Icjul to ctnlml- 
5<-m. It is probable that fat gains entrance to the h!oo<l s cry frcfjucntly in fmeturcs 
of l)Onc«, in o|x:rations on stout jicople, ami in enishmg injuries. During the Peeond 
World War RohlK^niitli found pulmonary fat emlmlbm to lx.' a m.ajor lethal f.artnr 
in 123 ('on'ceutive Iximbing casualties, and Wy.att and Klifio found fit emlioh in 
e\ery one of 30 jiorsons who die<l a.s the result of tnauma Tlie po>.sil>ility mu«t l )0 
lionie in mind in all injuries to lionc.andthe fatal e:»«c'‘ha\c licen wrongly diagnoseil 
as shock, coma, concussion, etc. Tlicrc is no clinical eorrespomlence lietween the 
apparent inj'ury and thcrouUingliitcmia which m.ay lx? fatal. Direct trauma as not 
no(’ew>,'irj*, an<l fat cmixilism may occur as the re«ult of osteomyelitis, suppuration 
of fatty tis>ue*, Iturns of the skin and the eon\ailslons of tetanus, eclanni«la, and 
strj'chnine |xiisoning. Tlie intro»hielion of oil into the [losterior urethra nvay eau«(‘ 
fat cmlxiliem, csi>eei.aHy if there ha® lieen previous urethral in'-tnunentation, for the 
jiO'ferior urctlira i« an active nl>or|>tivc Ixal. It may follow i>oi~onlng by pluw. 
plionis and |xif.a.ssium rbloratc, .and I have seen aerj e\tcn«i\e lesion® in a young 
woman who had taken some ixibon cither for <uiei<bl purjxises or to produce 
alxirtion. The fat enters torn a'ein®. so tliat globules and r\ linders of fat are found 
in flic pulmonary c.ipilbries, but unle®-® frocen Feefionsan<l fat stains are empfojed 
the f.it will not lx'staine<l. (Fig. 32.) Small globule® may pas® through the jmlmon- 
nrj’ capillarie.s and lodge in the brain, the glomeruli of the kii!iic>, etc. In the 
kidney the f.at globule? mn lx* reeogtiizosl a® rle;ir siKieei in jurafTm sections 
by Ordinary methods. (Fig. 33) Fal regularly apjxair? in the urine, a .sign <>» dt i- 
gnostic value. .\n even ciirher sign i® the presence of free fat and 
al\Tol.ar cells in the sjnitum ()Varfhin) In the hram there are jx-ti .Id'.- '' 
rhage® in the white matter with a fat globule in tliceentcT of ear It b •'< ^ 
in whichf^anjitnmsapjK'ar, tlieseusually comconat twcnty-fou-- ' - 

tho'p of furgical ?ho<^ with pulmonaiy cilcma. Tliere rrgi\ • • - 

coma from cerebral iinelvcnicnt, and death follow® in s.'r.'-* ■ 

emlxth of the coronary arteries may cause canllic s.'iT’i t 

Am EiinousM.— Air may enter the cimil »t.-op a® t' c 

thorax, or if one of the large vrias in the I ctk t- 1-* 

It occurs a!»oul once in every 500 to ^ ‘ 

majority of cases no harm result' 'P 
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Fig. 32.— Fat emboli in kidney. Frozen section stained for fat. X 100 
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Fig. 33.-Fftt emboli in Kidney. Paraflin seetiou. Tl.e space., repre.^ent fat wl.id. ha.s 

bet'll tli‘'<olvc<i out. X 200. 
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vrrtiiiK the blood in the heart into n froth nhirh makes projK-r eardtne contraction 
imj>o«i.<il)lc, or btibblcs of air may reach the brain. It is when n vein is only partially 
FC\'erc(l thus prevontins its collaji-e, that there is dnnpor of air cm1)nlLsm. This is 
particularly true of the larf'C acina in the neek tthcre there is nuu-kral negative 
venous pressure. When a vein in the neek is cut in the coui>c of an of)oration on 
the UijToid, the first si^n is a hissing sound in the wound, tlic.so-eallcd ‘'sifllement,” 
as air is sucked in. Tlio result is dj-spnea, ej*anosis, coma, and finally death. Many 
cases are dtic to the injection of air, with or without fluid, into the uterus in the 
production of criminal alwrtinn; the placenta becomes scp.arated, and air enters 
the large uterine aeins. My colleague Dr. W. L. Rohm«on has seen 5 such ra«es in 
a comparatively short jwriod. In these cases the inferior vena cava L« distended 
with hiihblps of air, and should be inspected before the he.art Is removed. In 
ojwning the heart in a case of «u«{)ected air emlioli«m special prec.autions must l)o 
t.akcn. All vessels entering the heart must Ik* tied l^fore it is removed, and it must 
be bold under water when the ch.aml)ers are incised, so th.at any bubbles of escaping 
air nwy be detected. 

Ammotic Fluid EMHOLt>x«.— Tliis condition, first de<cribc<i by Steiner and Lusli- 
baugb in 1911, is jierkaps the mo«t common cause of obstetrieal death during l.at>or 
and the first few hours of the puer|>erimn. In a ca«e which I studietl de.i(h occurred 
within ten minutes of delnerj’. Tlie eml»oh, which lodge in the snwllest nrtcrioles 
and e.apitlarie-', consist of squamous cells, \cmi\, mucin and meconium. The 
pathogenesis is not certain, but it wouM api»car that vigorous uterine contractions 
force entrapped amniotic fluid with aceomiianying dei>ris tlirough a rent in the 
fetal membranes into the uterine venous sinuses. Tlie symptoms arc tlio«c of shock, 
which is so sudden in onset and course as to suggest an element of anaphyl.in«. 

ATiii'noM.^TOCS Emdoli'm.— Eml¥)nsmshie to laatorlal from ertvlc*! ntheroma- 
tems lesion*- in tlie aorta or other arteries Icis l»eeu rccogtiizo* I only recently (Flory) . 
In the acute pha«c there may Ik* a piaarlentis with many eo-.inopliils. the 

neetlle-Fhajiod spaces reproonting cliole«tcrol crystals are “urroundeil by foreign 
l>ody giant cells. Tlicre is hy|>er|)!astK* thhkenmg of tlio Intima. Hory injecto! 
material scrajiod from atheromatous ulcer- of the aorta Into the ear veins of rabbits 
and produred similar omlKilic lesions in the lungs 

C^issON* Di«imsk.— C aisson di-ense m which mr emlmlism is largely rr«i»onsib!e 
for the samptomsis mnsidcred in Chapter 12. 

TcMon Emuou and HscTmiAL Eunou.— Tlie«e nee<l only l>e mentinne<!. The 
former isdi«cu'-ed in connection with tumors, the latter in connection with p\emta. 

LYsirinTic EsinousM. --Tumor cells may Ik* r.arrie<! along lymph >e-'els to (lie 
regional lymidi nodes Clumps of b.acteria may pursue tlie same route. Wicn 
the nnrm.al cli.annejs are Morkeil, .a.s m carrinoin.a and lulierculos)*, the tmljoli 
may p.as.« along channels in a direction op|K>sife to that of the nor:n.al flow; this Is n 
form of retrograde cmlxili«m. 


EDEMA 

Edema is n singularly cwnplex suliject, the fundamental principlc-s of 
which until recently have been little understood. 'Dicrc are several foniis 
of cclcma, only one of which is diifctly ctmnccted with circul.atora- dis- 
turbances. Xc\ erthcless it is com cniciit to discuss the w liole subject here 
Tiic question of the regulation of water exchange is not included in this 
discussion. 

Edema or dropsy is an abnonna! accumulation of fluid in thetl«sue spaces 
and serous cavities. 'Hus nccuinulation may Ik* local nr gcner.al, n distinc- 
tion of gn.*at imjxirtanee; in the funner ilie i-nusal factor is lor.*»# 'In- 
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latter it is general. When Avater collects in the tissues it may be in free or 
combined form. ^Vhen combined it is united with the iirotojilasm of the 
tissue_elemcnts. ^^■hen free it lies between these clemciits and can be 
moved from one place to another. For this reason a jiit i.s left when an 
edematous part is pressed on; this is known clinically as “pitting on pres- 
sure.” Sometimes there is a solid edema, in which case there is no pitting 
on pressm-e. The water is taken up mainly by the conneetiye tissue; of tin; 
muscles and skin, or rather the subcutaneous tissue. An initial accumula- 
tion -of water cannot be detected clinically. Indeed it is only when b or 
6 liters Jiave collected, in these water depots that edema becomes e\-ident. 
But this invisible accumulation of fluid is indicated by a steady increase 
in weight. 

The volume of water in the blood must be kept constant, so tluit it is 
not allowed to accumulate within the vessels. IMien a person drinks a 
large quantity of water it is absorbed in the blood, but rapidly passes out 
into the tissues and is retained in the water depots. It must be remembered 
that in a person of average weight there are 35 kg. of water in the body, 
but that only 5 of these are in the blood while 30 are in the tissues. As 
the kidneys excrete water from the blood, the water in the tissues passes 
back into the blood. The water in its passage must traverse the walls of 
the capillaries. Some of the fluid in the tissues is carried oil Iw the lym- 
phatics. It will thus be seen that the amount of fluid in the tissue.s depends 
on the following factors : (1 ) the amount of fluid ingested ; (2 ) the condition 
of the capillary walls, with which may be included the condition of the 
circulation; (3) the condition of the tissues (distJ’il)ution of electrolytes, 
conceirtration of sodium chloride, degree of oxygenation, ainouivt of acido- 
sis, etc.); and (4) the condition of the kidneys. There is in addition the 
question of a ner\’ous regulatory mechanism of water exchange which may 
be disturbed. The complexity of the problem now becomes evident, and 
the impossibility of stating with certainty which factor or factors are at 
fault in any particular case. 


Edematous fluid closely resembles lymph; the one is normal, the other 
abnormal, interstitial fluid. It contains less proteins, and the specific 
gravity is lower— l.OOG to 1.012. It docs not readily coagulate when re- 
moved from the body, but sometimes a thin clot may form. Xo clottin" 
occurs within the body (c, r/., in the .serous cavities). At the same time it 
nmst be recognized that the composition varies with the moile of produc- 
tion and the. etiological agent. A di.stinction may be drawn between a 
transudate and an exudate. A iransmiafe is ordiimry edematous fluid; 
the specific gra\-ity is below 1.01.5 and the protein below 3 per cent. Aii 
v.xnddk is the fluid of an inflammatory edema; the sj^ecific gravity is above 
1 .()18.and the protein above 4 per cent. Clotting is more marked when the 
fluid IS I'omovcd Irom the body, and may occur within the serous cavities. 
It IS cN-idcnt that an exudate more closely resembles blood plasma than does 
a transudate. 


hmic Chamjcx.—.\n edematous tissue has a pale watery appearance, 
bubcutancous tissue may come to resemble jelly. In the lung where edema 
of the idveoii IS s’cry common, the affected part may feel solid, but fluid 
jiours irom the cut surface. 'Phe brain acquires a characteristically wet 
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appearance. Under the microscope the elements arc widely sepa- 
rated by watery material which can he best*Jein6nstratc<l if tlic tissue is 
fixed in hoilinji formalin so that the fluid does not escape. In wcll-fhci'd 
specimens the fitiid appears ns fintja'anules. The fluid of e<lema is not 
always interwllular. Cells and fibrin may liocoine ctlematous and swollen; 
tlie chanpc is similar to liydropic degeneration. 

Varieties of Edema.— Fluid may collect in thc_tissues undcr-a .variety 
oLcmiditions which hear no relation to one another. Kdema may he local 
or. general. Of course, in general edema the condition may Lc-more pro- 
nounced in oncjocality, hut the ctiologicid agent acts generally. Tiic 
main forms of, edema. are_t«y?un««o/ory,./>lwtr«ffjrc, cardiac, and renal. 
Inflammatory and obstructive edemas arc local, cardiac and renal edemas 
arc.gaicral. To these must he added angioticiirof ic n iul nlliwl forms of 
edema; also the c<lema of chronic starralion and that variety of it known as 
ir ar ed rmn. Instead of taking these up acriatuiii it will be better to consider 
the various factors whicli may cause edema, and then return to the special 
forms of the condition. 

Causes of Edema.— There arc three main c.auscs of general edema, and 
a fourth factor which comes into play in local edema. In addition to these 
then* are a numher of secondary factors which will have to be considerwh 
The primitfy factors in general edema arc: (I) Incrcawl permcahllit^’ of 
thc_c.jpjlhiry.wall, (2) (k'crcasc of the colloid osmotic pressure of thcplasina 
proteins, and (.1) increase* of the capillarj' bloiMl-prcssure. llie additional 
factor in local edema is (4) lymidi.atic obstruction. 

1. Incurasild rwcMF. KBiUTY OF TiiK C.Arii.i*\nv Wall.— Thc normal 
capillary wall is a scmipermeable membrane through wliicli water and wits 
can pass in either direction with thc greatest ease. Much has licen written 
about imreast'cl permeability of the acssoI wall ns a cause of wlema, especi- 
ally In inflammation. 'Hie ciidothcllal wall cannot l>ecomc more permcahlc 
to water and crystalloids, because it already is completely penneable. 
Moreover, the rate of passjige of these materials and their amount is 
indci>cndent of thc condition of the c;ipillarA' wall, l>eing ileterminerl en- 
tirely by forws on either side of tlie wall, either in thc blooil or in the tissues. 
Hut the outward passage of is intimately relati'd to the condition 

of the vessel wall. Under normal eoiHiitM>ns protein is preventwljilmost 
completely from passing from tlie blood into thc tissues. Lut_whcn.lht 
vessels arc. injuretl by toxins, lack of oxygen, etc., tlicy liecome readily 
permeable to protein, as is st“cii in infl,imin.atorA' ctlciua. In the kidney this 
causes .nlhuminuria, while el-'cwhcre there Is A'haLj''pping(T h.as callcfl 
"albmninuria into the, tissues. ” Tlie pas5;ice of the la rge protein molecules 
is favoret! by.dilatatlon of thc capillaries, due in turntorcISalloTr'iirtlie 
brandling Ilougct cells, and JCrogb believes that this is one of tlie major 
factors ^ponsii)!e for the great c^pe of protein in thc edema of infl.im- 
mation. 

llio escape of protein is of tlic greatest importance in the production of 
edema, for it lowers thc colloid osmotic pressure of the blood and raises 
that of the 11x501*5. ns a result of which water readily pnss**5out throush the 
capilLory wall, llic increased i>ermeahility to protein is thus a m.njnr 
factor in thc production of ctlcma. 
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2. Decrease of the Colloid Osmotic Pressure of tue Plasma 
PuoTEiKS.— We have seen that the water of the blood can escape ivith the 
greatest ease into the tissues. The force which holds it back is the colloid 
osmotic pressure of the proteins. If an animal is bled repeatedly but kejit 
alive by reiniection of the red blood cells, t he pl asma proteins Avill fall to a 
low level and .marked edema wdll develop. A fall of plasma protein below 
5 per cent will cause edema. For this reason long-contimied_ anemia hs 
apt to be associated with edema, hlarked a.scitcs, when the fluid is rich in 
protein, as in malignant disease of the peritoneum, may lead to generalized 
edema (anasarca) owing to the severe plasma-protein loss. The dillerent 
proteins of the plasma have different colloid osmotic pressures, albumin 
being about four times stronger than globulin. It follows that when there 
is a gi'eat loss of albumin from the blood, as in the albuminuria of chronic 
Bright’s disease (wet nephritis, nephrosis), with a reversal of the normal 
albumin-globulin ratio (3 to 1), edema will result. The colloid osmotic 
pressure, depends therefore partly on the total amount of plasma proteins, 
partly on their relative proportion. 

3. Increase of the Capillary Blood-pressure. —The pressiire in the 
capillaries is the force which overcomes the colloid osmotic pressure of the 
plasma and enables the normal passage of nutritive fluid into the tissues.. 
If it is increased, edema will result. The pressure in.the capillaries depends 
RP.9JX-th.ej\:enous..bloDdrpressure and not upon the . art er.iaLpre.ssure. In 
cardiac failure the venous pressure rises markedly, and the increased capil- 
lary pressure leads to edema. The stretching and dilatation of the capillaries 
also r.enders.,them more permeable. The edema which follows tliroiubosis 
of the main I’ein of a limb is largely due to an increase in the capillary 
blood-pressure. It must not be thought, lioweier, that fluid can only 
leave the blood through the capillaries. Bous and his associates have shown 
that in the case of the skin the permeability of the vessels to a slowly 
diffusible vital dye is much greater in the venules thiin in the capillaries. 
Tiicre is a mounting grade of permeability along the capillaries, being 
lowest at the arterial and highest at the venous end. 


4. Lympii.vtic Ois.structionl— This is an important factor in the pro- 
duction of local but not general edema, hliich of the intercellular fluid in 
the tissues escapes by way of the lymphatics, so that obstruction to outflow 
through these channels will cause local edema. The obstruction may be 
due to inflammation, the presence of tumor cells within the lumen, or 
hilaiia banciofti, a paiasitie worm winch may block the channel. Bressure 
from without produces the same ettect. This pressure mav be due to a 
tumor or to collection of fluid. As the fluid increases the lymphatic ob- 
struction becomes more marked, so that a vicious circle is forined. For this 
reason removal of part of an effusion in a serous sac is often followed by 
disappearance of the remainder, for reduction of the pressure allows the 
Ix-mpli channels to_ be opened up and the fluid to be drained awav. Ex- 
amjfles of lymphatic edema are the swelling of the arm which mav develop 
m cancer of the breast; ehphaniimis or swelling of the legs, scrotum etc 
seen m most marked form in obstructiom due to Bnxia- chilom ascites and 
chyiothorax, effusions ol chylous fluid in the abdominal and pleural cavities 
due to ol.struetion of the thoracic duct by filaria, tumors, enlarged -lands 
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etc. Nou'para.filic clephnritia.'iis is an edema of tlie leg occurrmK.ni'*>tly 
ill \cniiig ^\olnen, due apparently to chrome jymp}iaiigiti> of imkmmn 
origin. Milwp's disease, or hereditary edciita, is also probably l\inphatie 
in origin. 

Sreondanj factors arc the osm otic pressur e in the tiss^uc'’.and chloride 
rctL'Ution_due_to renal insuindcncy. It is evident that if the protein pf-the 
jilasina escapes tlirougU-thc capillary vail the colloid luniiolir jircssure of the 
tissue will rise, and on that account water will pass out of the \cssels. 
Chlnridc-rcieiitioii-is a secondary hut not a primary factor; it aggravates 
and tontinucs an already existing edema, hut <loesiiot initiate the condition. 
BuO\ltliough.salt_retention.is not-a primary-factor iri the production of 
edema, yet once the condition of edema i s esta blished am! th^chlorides 
pass into the tissues with tlie water, the greater the amount of SiHCavail- 
able, the more water will be retained in tlie tissues hecaiise of the incrca«o 
of the osmotic jircssure there. Tliat there is a real relation hetween s.ilt 
retcntion-und-eilema is shown by tlie.fact that in renal edema tlie with- 
drawal of salt from tlic food is often followed by rapid dibJippearance of 
the edema and a corrt'sjionding inerease in the flow of urine. 

With the.se additional fact.s in mind we may briefly review some of the 
various forms of edema winch have alreiidy been mentioned. 

Inflammatory Edema.— Tlio s^\clIing which is one of the cartlinal .“ligns 
of inflammation is largely due to cxlcina Owing to the actjn.npf.tlic irritant 
the )>ermeahiiit^”pf tlie capillaries is increased and fluid jiours out into tlic 
intertTllnlar spaws. This fluid is rich in pifltcin. ONiing perliajis to the 
formation of a network of flbein the fluid cannot he moved about tlirough 
thcilssucs«as in other forinsof edema, nor i^ iLinfiuenced by gravity. There 
an* other factors besides injury to the \c«sel walls, but these and other 
matters connected with the «lcina of inflammation are discussed in detail 
in the nex t ehafitcr. If the inflainm.ition involves the p leura, pericardium, 
or’ pwfioncum. these serous sacs arc filled with fluid from which fibrin is 
dopositeil on tlic surface. 

Cardiac Edema.— This might better be callcil congestive edema, for it 
is apt to develop in any long-standing condition of. venous congestion, 
tliougli uMially line to progressive cardiac failure. The obstructive edema 
seen when a large vein lieconics thrombosed lielongs to the same group. 
The fluid is loose in the tissues and readily changes its position under the 
action of gr.ivity, so that it first aj»jiean> in the dejK*ii<lent parts The 
serous Mcs become fill«l with fluid. For some reason the effusioais-inuch 
commoner in the right pleural sac than in the left Several factors are 
prohahlv at work. Owing to the f.niling circulation therc-is an increase of 
pressure* in the veins am! capillaries For the same reason there is back 
jiressure in the lymphatics. The capill.arv’ "alls are stretchfil and rendered 
more permeable. Oxygenation is poor and the vascular endothelium 
sufTors in c-onscxiucncc-audiails to hold hack the water, but.this factor is 
probably not of rniidi import.Tijee, else the proteins would ^ome through 
in hirgcr amounts. 

Ptdntomrp ednna is a v ariety of c-ardiac edema. .\s the left side of the 
Iieart fails, blood accumukitos in tJie lungs and fluid passes from the dis- 
tcndril enpillaries into tlie alveoli. Tlie condition is mo^t marked in the 
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dependent parts of the lung. The changes arc described in the section on 

the Lungs. i i n • i • 

Kenal Edema.— This resembles cardiac edema except that the is 

less influenced bj' gravity. Nor are the serous sacs involved so soon. The 
protein content and specific gi-avity are much lower than in cardiac edema, 
indeed lower than in any of the edemas. Blood examination will at once 
difi'erentiat'e the two, for in edema due to chronic nephritis the Idood 
cholesterol is markedly raised, while in cardiac edema it is normal. Renal 
edenia is seen in acute nephritis, in the subacute or wet stage, _ and in the 
condition known as nephrosis, which is probably merely a variant of true 
nephritis. In all of these the edema is associated with marked alliuminuria 
but not with..a higLblood-pressure. Indeed as the blond-pressure goes iqi 
the edema tends to disappear. A number of factors appear to be respon- 
sible. In wet nephritis and nephrosis there is a fall in the blood proteins 
and..a reversal of the normal (3 to 1) albumin-globulin ratio; l)nth of these 
re duc e the osmotic pressure in the blood so that water passes into the tissues. 
Crystalloids, especially sodium chloride, are retained in the tissues and 
raise the osmotic pressure there, so that when water is drunk it j^asses into 
the tissues instead of into.the urine, what Fishberg calls a prercnal deviation 
of water. 

Cachectic Edema.— In many wasting diseases and anemias edema develops in 
the later stages, affecting the feet and legs particularly. Several causal factors may 
be at work. There is likely to be cardiac exhaustion and circulatory failure, the 
nutrition of the vessel walls is interfered with, the blood proteins cs)rocially in 
anemia are lowered and the osmotic pressure fails. 

Famine Edema.— In prolonged undernutrition and chronic starvation edema 
may develop. This was common among prisoners on the Continent during the 
First World War. The blood proteins are very low owing to absence of proteins 
from the diet, so thai; the osmotic pressure falls and fluid leaves the bloodvessels. 
It is probable that absence of vitamin A has something to do with it, because in 
many cases there develops the ulceration of the cornea (xerophthalmia) character- 
istic of deficiency of that vitamin. 

HnuEDiTAnY Edema. Milhoy’s Disea.se.— Tliis is a clironic edema without any 
ewdent cause or constitutional disturbance. It is markedly hereditary. Milroy 
observed 22 cases in a family of 97 indiwduals (six generations). It is confined to 
the lower limbs, affecting one or both legs. The leg may be very greatly swollen. 
The condition should be distinguished from the non-parasitic form of elephantiasis 
a condition wliich is usually confined to women, whereas Milroy’s disease is equallv 
common in both sexes. 




i he basis of shock is essentially a circulatory disturbance, so that it 
may be considered here. This mysterious and sinister condition is liable 
to develop after: (1) e.xtensive operations, particularly those involving 
handling of the abdominal viscera; (2) acute abdominal catastrophes 
(pcrforation oi stomach or bowel, strangulated hernia, acute pancreatAis) : 
(. 1 ) seieie in)unc.s: (4) ex-tensive hemorrhage. The condition has continn- 

allj to be guarded against by tlic surgeon, and is of special importance in 
war injuries. * 
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Tlic appearance of a person in sliock is characteristic. ne.Ucs.quitc^till. 
apparently, .unconscious of Ills surrounding, but am nns^^cr question'i 
°lniYly and <v^rrprtly 'Hie f aa> i s'pa]c~and gray, drawn and aiwimis, and 
t he shin i-^ cp M ppd ^Inmm v. The temperature is sub-normal, tlie pulse 
f^i;blc. the respirati ons sh nllQW,nDd.siching.jiiid the hlQQ(Uprcssure-alarni- 
i neVvd ow. ShockJortunatcly may he only a teniporariycondition; it is a 
step_toi\ardjjcath, but a step wbidi the pat|c|\t£Hn.Jctra,cc iii a few.hours. 

Cavsf_s.— Moon puts the matter in a nutshell wlicn he remarks that 
tlie shock syndrome results from a disparity, between the volume of blood 
and the. volume-capacity of the vascular system. Tliere may be a decTyase 
in theAilood-voluinc, an increase in .the. volume-capacity of tlie vascular 
system, or a combination of these. The hlt^l volume may he d ecreas ed 
by heninrrhnpe. and by transudation of.scrum.through.tlic capillary.walls 

ith xcsulting increased concentration and viscosity of the blood and rise 
ill the rwl cell count and hemoglobin percentage (an important factor in 
>lKKk due to Mwcrejiurns). Shock is a circulatory deficiency characterizeil 
hy decreas'd blood volume, decreased cardiac output, and increased con- 
centration of the blood. 

A distinction must he drawn between pfmart/.xAoc/:.whic}i follows im- 
maliately.fln.tlic receipt, of a severe injury and secondary shock nhich may 
not develop for twenty-four hours. In primary sliock the c hief factor is 
the.di.scharge of nociceptive nervous stimuli which lend to videspredd 
mpiZ/fir?/ jitirah/sis. In secondary shock the commonly accepted-explana- 
tion of the capillary paralysis is the widespread action of a histajiiine-likc 
substance liberated as a result of tlie bruising of muscles. During \Yorld 
War I liayliss and Cannon showed that e.vperimental hrubing of .muscles 
in animals was followed by shock, hut if the main ncsscIs of the limb were 
firsL-tic'd no shock developed. Injection of extract of the briiiscd_nniscles 
prodiicetl tlie sjituc effect. Dale has shown that the vijecthn o/ Awfaminc, 
a. cleavage product of protein, produces an identical result. Theobserva- 
tinn-^ of Illalock have thrown doubt on this explanation of secondary 
‘shock. Blalock ^xiiuts out that bruising of muscles is accompanied hotli 
hy hemorrhage into the part and hy a great extravasation of_scrum due.to 
incn*a«e<l iK’rme.ibility of (he capiHar/cs. There is therefore a g reat decr ease 
in Abe volume, of the hlt^l with resulting shock. Accessory jaefors un- 
(louhtetlly play a part. Thus cold, exhaustion, depression, and general 
anesthesia (especially ether and chloroform) predispose to the development 
of sliock. 

Nature of Shock.— Shock, like eclampsia, might ba called “the disease 
of theories,” and several pages might he fillcil in discussing them. It is 
jirohably a mistake to look for a^ingle ««isal factor; in most cases of shock 
ill man a variety of factors come into play. The essence of the condition 
>ecms to be a relative disappearance of blood from the heart and great 
vcsscU, so tliat the heart has not sufficient fluid on which to contract. 
•Much UR“d to he written about “the mystery of the lost blood.” In 
shock due to hemorrhage there is of course no mj'stery. In other cases it 
is now known tliat the blood lias disappeared into tlie vastly dilated capil- 
lary l)cd or into the tissues owing to transudation of serum. The patient 
may therefore be said to bleed into his own capillaries or into his tissues. 
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In a state of health only a small amount of the capillary _hocl is open at any 
one time. The blood flows through only a limited. number of glomeruli in 
the kidney at the.same.timc. According to Krogh the volume of blood in 
the active muscles of a guinea-pig may be 27o times as great as when the 
muscles are at rest, and if the entire capillary bed were opened up there 
would be 750 times as much blood. If, thcti, something can paraly/.e the 
vast capillary bed of the body and cause it to dilate, the blood will disappear 
into it as if sucked up by a sponge, the blood-pressure will fall, the heart 
will be unable to beat properly, and the brain will suffer from anemia. 

TheJcs;(a3iSL.are those which might be expected from these general con- 
siderations, as Moon has shown both in the experimental animal and in 
man. They are most marked in the lung.s and the gastrointestinal tract. 
The lungs are dark and filled with blood. . The li ver and gastro jutestinal 
tract are iii^nsely congested. All this is in marked contrast to surface 
structures, which are pale, and bloodless. Microscopically the pulmonary 
capillaries are widely dilated and the alveoli are filled with fluid; it is a 
picture of pulmonary congestion and edema. In the wall of the intestine 
the increased capillary permeability is evidenced by petechial hemorrhages 
and edema. Similar lesions are found in fulminating influenza and severe 
burns, conditions in which the clinical picture is one of shock. The lesions 
are thus the reverse of those seen in severe hemorrhage. 
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Chapter 

4 

INFLAMMATION 

IN'FLAjimation is the most common, the most carefully stiulicd, aiul 
the most fascinating of the changes which the body undergoes as the result 
of disease. Its history is the history of pathology. For two thousam| years 
it remained an enigma. Not until Virdiow laid the solid foundation of 
modern pathology by his doctrine of Cellular Pathology was it possible 
to solve the riddle of the sphmx. And yet at the present day there is no 
subject in the whole of pathology which is more thoroughly understood, 
although there are still many fundamental problems which demand in- 
vestigation. “For the development of the sound pathologist," as Adami 
remarks, “a full knowledge of the factors concerned in the inflammatory 
process and a right appreciation of the doctrine of inflammation 
is as essential as to the orthodox theologian is a right attitude in respect 
to the doctrine of the Trinity.” 

Definition.— Inflarnmation is the local reaction of the body to irritation. 
There is a general reaction which will be considered later under the heading 
of Infection. The local inflammatory reaction presents two phases. The 
object of the first is to destroy and remove the irritant; the object of the 
second is..to repair.the damage.done.to the tissues. The first is subserved 
by the wandering meso derm al. cells >yhethcr of the blood or the tissues, the 
second by the fixed cells of the part. (The use of the teleological term 
“object” may be forgiven on grounds of convenience. In a physico- 
chemical process such as inflammation there is no good or bad, but merely 
cause and effect.) Many pathologists confine the term inflammation to 
the first of these proeesses, considering the second as a manifestation of 
repair. Such a procedure is quite justifiable, but we prefer to adopt the 
wider concept. Degeneration of AUirjdng degree is always present. The 
histological picture of inflammation is therefore made up of three features, 
although differing greatly in intensity; these features are degeneration, 
exudation and proliferation. 

C.A. USES.— From our definition it is evident that any irritant may act as 
a cause of inflammation, so that a full list of causes would include cverv 
known irritant. These irritants may be tlivided into two great groups, tlm 
living and the noii-living. Of the living irritants by far the most important 
are the pathogenic or disease-prixlucing microorganisms. Of less impor- 
tance are the animal. parasites. Both of these act as irritants mainly by 
^ n tiH of thcmical j)oisons vhieh they product', and to a lesser degree bv the 
mwhanical irritation which they excite. The iiathogenic bacteria usually 
excite an acute reaction, as a result of which both the cells and the fluid 
( 80 ) 
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part of tlif l)l(X)d pass from tlic vessels into the tissues. Some luixluco a 
more chronic form (if reaction, elmntcterlzcd in the main by proliferation 
of the tissue (xlls; examples of such chronic irritants are the micnjor;;anistns 
of tnhercnlo.sis and syphilis. Thviie chronic inflammatimi& w/rstitutc the 
im|H)rUint proup of the pranulomatn. Tlic tionrlirlin; irritants may Ik- 
divided ititojihysiculjind-eliemicsiL Anmnp tljc irritiints-nuy In- 

mentioned tniuma, tlie presence of.a.forcipj h(«ly,.tlje action .of undue 
heat and cold_(hurns ami frost hite),' of- presMirc, of.liplit, of eleetricity^of., 
fcx-ntpen-raysj.of.tfie.rndiatiojts frotii niduini, etc. Ciirmicat irritants 
include strong acids and alkalis, ami itoi-^oiis of cvery.dcscrlptioii. 

In the discussion ^^hic!l follows it should he home in mind that tliere is 
no hard and fast line het\v(*en an irritant and a stimulant. If an irritant 
is siidiciently wcakem*d it hoctimes a stiinnlaiit. It follows, therefore, that 
w liile at the center of the inflaminatory stage we shall fliid e^ ery c\ idenev 
of intense irritati(m, away at the wings the tissues may respond ns to a 
stimulant. 

The Essence of Inflammation.— The word innamm.ation take.s us hack a 
long way in the history of medicine. Literally it means a htirning, The 
tsmdition was studied clinicxilly hnndrx-ds of years Ix-fore any true insiglit 
wn.s ohtiiinw! as t(» tlic inner pathological nu-aninp of the jirocess. It was 
CelsiLs in the first eentury .\.i>. who nniiu'd the famous “cardinal signs” of 
Inflammation as ealor, nihor. tumor and dolor in words which Iiase suIk 
sequently hec-ome ivleliratwl: “Now tlic clmrncterl<tics of inflammation 
arc four— ^ kIiu-ss and swelling, with he.ot and pain.” In the course of 
time it Ix'dijnc evirh-nt that these cjmlimd signs wen- the outward expres- 
sion of va‘>cular changes. In the middle of the niiutecntli i-entury (*oIin- 
lieim apjdliH! the experimental method to the study of Inflammation and 
sluiwed witli a hrilliam-t- and (-onclusiveness which left no room for douht 
tlic all-iniportant part played hy the ves-<(.-L tn the proee><. 

Ihit the vascular chaiige-i are not the es-eiuT of inflammation. It 
remained for MctclmikofT in IS02 t() denion-*tr.Ue in his great work on the 
ComparatiNc I’atliolopy of luflainination that (Itf-ntt- nf »nfl »t>i- 

ination was tlie n-at-fjon of the wainleriiic iin-MKlrrmnl .-le-niivt flj t- 
irritan t. In the higher animals whieh jx»ss<-ss a xa'^tnlar system thi-M* 
for the most part crontaim-d within the l)|{XKl\e‘'‘-els, ’Flu-y .art- 
the feuca»-xt{-'< of the I)Io(k1. 'Hie (dijiKt ami meaning of the vascular 
phenomena i'- to bring these ine'^Klermal defend- trlls from the interior 
of the ve>sels to the outside where the\ eau meet am! coix- w Ith tiie irritant. 
The vaveul.ir change', an- verx- striking: for the clmitian tlie.\ i)n)vide the 
eartiinal signs of inflammation, hut tliey an- not e-'>entlal. In a mui- 
vascular ti'-ne sueli a-s the cornea the wondering cells of the p.irt patlier 
aniund tlie irritant and cope with it just as sunh ns if tliev had nmie from 
inside tlie vesseN. 

In man and other xertehrates the mcMKhnnal cells of defrn-'C may !k- 
divided into the wandering cclUof thehitvxl (thelent'oex tes) and the resting 
wandtring-cdls_cf the-tiisu'e, It is the fonner whi<h pla\ tlie major ivirt 
in the e:irlie.st stages of acute iiifl.animation Morroxer then- i' a humor.il 
f.ietor of.defen-<- as well as a cellular factor, and the constituents of the 
humoral factor an- containcHl in the hlmnl plaMna. It thin Ik-couh-s nw— 
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sary for both the M'hite blood cells and the blood plasma to escape froin the 
interior of the vessels in order that they may reach the irritant. Hus 
escape is brought about by the vascular phenomena of inllammation. 

The Vascular Phenomena.— We owe our present complete' knowledge oi 
the vascular changes in inflammation to the experimental rc.seartjK'S of 
Cohnheim, whose Lectures on General Pathology, published in 1877 and 
now available in English translation, should be consulted liy anyone inter- 
ested in inflammation. It is remarkable how little has been added by 
subsequent observers. ■ 

Cohniieim’s method was to draw out the intestine of a eurarized frog 
through an opening in the abdominal wall and spread the mesentery on the 
stage of the microscope. Or he shaved oil the papillary surface of the 
frog’s tongue and obserr'ed the vessels in the base of the wound. Or the 
web of the foot may be used to which a mild irritant such as dilute acetic 
acid is applied. Wiichever of these methods he employed, soon, as Oohn- 
heim remarks, "a succession of appearances will l)e developed which are 
well calculated to fully engross your attention.” 

There may be a brief contraction of the vessels due to the stimulating 
effect on the vessel wall produced by the irritant when still weak in its 
action, but the first thing to attract attention is a dilatatiftn of the exposed 
vessels, most marked in the arteries, then in the veins, aiul last of all in 
the capillaries. This paralytic dilatation is accompanied by a temporary 
acceleration of the blood stream, followed later by slowing. .-\t this stage 
the vascular dilatation is very marked and innumerable ca]>illarios come 
into view, because though previously empty they are now filled with blood, 
so that the active capillary bed is greatly incrcaseil ami the vascularity 
of the part may actually be doubled. The increased vascularity is respon- 
sible for such cardinal signs as redness, swelling and heat. ’Hie slowing 
of the blood stream in the still dilated \’essels becomes more and more 
marked, and if the action of the irritant is sufficiently intense there may 
be complete stasis or stoppage of the local circulation, with clotting (throm- 
bosis) of the blood. The ett’eet of the thrombosis is disastrous, for the 
tissues cannot survive when their blood supply is cut oil', and death of the 
part (necrosis or gangrene) is certain. In the slower blood stream it now 
becomes possible 'to distinguish the individual corpuscles. It is then seen 
that a rearrangement of the formed elements of the hlond has taken place. 
Under normal conditions the red and white cells (low interjuingled in the 
central i)art of the vessel, forming an (t.vial atream which is separated from 
the wall of the vessel by a clear zone free from cells. In the veins 

of the inflamed part the leucocytes fall out of the axial stream and come to 
occupy the plasmatic zone. They tend to adhere to the vessel wall, and 
seem to drag themseh-es along with difficulty. In this way the inner wall 
of the vein becomes paved by an unbroken line of leucocytes without the 
admixture of a single red blood cell. This arrangement is' spoken of as the 
parcmcfifing of.the leucocytes. 

The vascular endothelium does not remain pa.ssive during this period of 
excessive activity. The lining eefis fieeome enlarged and proliferate, the\- 
assume a rounded form so as to project into the lumen of the vessel, anil 
they exlubit anueboid movement. In sections of inflamed tissue this swell- 
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forttiij 

The 

proinul siih?tantr or wnient 
looH-mtl, iIk‘ sliiirpiiess ofont- 
fiiif of the iiulividoaf cK'iricnts 
of the vo.s'cl ii lost, and 
its outer limit is nehnious. 
'riirouKli this i)n)t<i])la''Hiic 
•'P'’Jij;eJlot\a_lhe cytoi)lavm of 
the jK)l\ morphomitlear leuco- 
cytes just as smoke floats 
thnniKh a keyhole. (Kip. 35). 
Numher.s of real hlood i-ells 
may follow in the wake of the 
leiicDcytes, Imt these numhers 
vary widely, depeiidinp on the 
nature of the irritant. When 
p!»rti<ularly numertjus the in- 
ilammatiun is siiei to he hemor- 
rhapie. It will he seen that 
tlie essetna* of inilammatiftn, 
tlie taaitr.d |)ointof thewliole 
proit'.ss. is the inere.istal pt-r- 
nieahilit.v of the walls <tf the 
small wills and eapillarics. 


* if the observer is 

eu(s)ey tw.’ The 
of (he swollen cinlotheIial tvlls Ix-cnmes 



Fio 3t —Swollen en<f>llielnl with 
leueoeyies iKiS'ins l>otwm» them X 1300 
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The outAvavd movement is not confined to the solid piirtielcs of the 
blood. The blood plasma also, passes out into the tissues, ilie amount 
varying much with the nature of the irritant. In the tissues it may be 
responsible for much of the swelling, causing an infianunatory edema. 
The subject of the plasma in the tissues will be taken up when the inllaiu- 
matory exudate is considered. 

I n iiifiammati on tlmrejs not oiijjyan oiicning up of preexisting capillaries 
but_alsp_a forinatlpn_pfxiewj\'ascular channels, lliis is accnmjianied by 
new formation of lymphatic capillaries (Pullinger and Florey). An aston- 
ishingly rich plexus of lymphatics is formed by the end of ten days. These 
vessels are only visible when injected owing to the colorless nature of their 
contents. They disappear as healing occurs. 

The Influence of the Nenons System.— The vascular changes. Imth dilata- 
tion and exudation, are influenced by nervous impulses. If in one ear of a 
rabbit the vasoconstrictor nerve be cut and in the other ear the vasodilator 
nerve, and inflammation of both ears be then produced by means of hot 
water, a marked dift'erence in reaction on the two sides can be observed. 
ImJ-he-em-where the-conatrietpr fibers. are cut hyperemia is-nAarked./and 
coinnlGtea:gc p\'ery en sues. InJjre.eaixwhere.the. dilator fibers are cut the 
vessels..reinaiii„cous.trictGd,^.stasis.soon develops, and there, will be a con- 
siderable.amountnf necrosis ot tissue. ^Vhen the neiu'c to a part is divided 
the normal consti’ictor impulses are cut off, and inflammation develops 
much more rapidly than usual. In such a part the cai)illaries permit a 
greater emigration of leucocytes and a greater transudation of lymph 
through their walls. 

It is evident that the more rapidly and completely a condition of hypere- 
mia can be induced, the more satisfactory, will be the inflammatory response, 
the loss, damage will be done, and the .inpre complete will be the return to 
normal. This provides an explanation of the value of hot moist applications 
to an inflamed part. The fomentations act through the local vasodilator 
nerves, increasing the hyperemia, hastening the formation of an exudate, 
and limiting the spread of the infection. It is possible that there may be a 
liberation of acetylcholine at the nerve endings, and that this mayproduce 
a local action on the vessels. 

Phagocytosis.— A unicellular organism such as an amoeba shows to a 
marked degree the power of taking foreign particles into its body. The 
cell of which the organism is composed swallows or devours the particle. 
Hence the process is known as phagocytosis {phaycin, to cat). The mechan- 
ism is that of ama'boid motion, the same by whicli the leucocytes pass 
through the vessel walls. The cytoplasm of the cell flows out in one or 
more processes or pscmlopodUi, which surround the particle and draw it 
within the body of the cell. Here it undergoes digestion, a vacuole being 
h>rmed around it which contains a digestive ferment. If the particle can be 
di.ssolved and digested it gradually disappears; if not, it is discharged from 
the cell. 

In vertebrates these cells are represented by the polymorphonuclear 
leucocytes ol-the blood and the large mononuclear phagocytes of the blood 
and of, the.t,issues„tliose cells culled by IMctchnikofl' the macrophages. The 
former engulf bacteria, both alive and dead. If a mixture of leucoevtes 
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iind bacteria is incubated niid n film is then spread and stained, numbers 
(tf tlie bacteria will be ‘wrn lyinp within the leucocytes. (I’jp, The 
n iacronhagcs <lc\our dead cells, hliXKl pigment, inorganic particles, etc. 
'I'liey are true scavengers. They may also (mgtiU pr(Ut)zo;jl parasites. JiT 
ncutc inflainmation the iMilymorpIionuclears play tlic chief part in tlie early 
stapes, tlie maernphapes tahinp their place in the later stnpe.s. The two 
sets of cells react difTcrentJy to dilTereiit Iwcterin. Thus thcLmouomicIcars 
will not tube up_strcplococci or pimm'occi-whicJi.tlic polymorphonuclears 
reaclily devour, hut they \NiIl lake up^ttiherclc.haciili or Icprosji.hacilli. 

Wiicn foreipn particles uliich cannot Im? dipested ha\c to he n-niovid, 
such for ifis(.incc ns pieces of Ikuic or cholesterol crystals, tlie macrojiliapes 
fuse topether so ns to form giant eelh. Such a foreign body piaiit ca ll is ii 



und.si'P^jiiis* . 

Tijk Mfciianism of Tiin V.\s- 
cui.Mi PiiFNOMF-x.v.—Thc result of 
the Vftsciibr chnnpcs wliieli lias e just 


ibc nHlcet of the 

s t cyj:. p.iul remove the irrit ant » j»iid 
t hat tbcjd .uT-cLofjLiifc.vafctdnr pbe- 
munoua Js-tl»u.formnthiu of-the ex« 
udate. A telcolopical view of this 
Kind Is a mistake. 'Jlierc* is nothiiip 
trauscvndentnl nlout tlic pitKoss. 

« hich is povernc<l by putt’l.i pliv'Ko- 
cbcmicnl laws and must not be lookwl ti|HMi a*' pur{K»'i\e in nature 
niie \an(‘<l ebaupes of infl anunationJr«^tJ^jujim_vct>a*A-i\aIJa.ond jn tbe 
blooii and Itssue celf^nre <fuc to (bemual btHiHdhimxbM-iH! •ot-the-site of 
ircitatiun~*”TrK*nniuiiOrtest of all irritant'' are t iaetc ria , ami thi^'e prcMluit' 
ebynical substances vliieli indlreetli mt ujKui tbe \«'vk‘!s. hben in anjuit 
inflammation wusaxI by mechanical or tluriual iujuriea there i-» <jc£triitti'»n 
of tissue wiUi the lilwration of disintepratKiii pnxiuctft whidj e.xert a similar 
action. .\u excellent aettnmt of the chemical sale of inflammation will lx* 
found in Wells* ('liemical I’atholopj. 

'Hie rrt.«*a//jr tUIalniion which Is so striking a fiaturc is^due to paraivsis 
of.tiie muK’tifae.filxTs-of-lhc wnall nrlerH“* oml>\cins. Kroph has ‘hown 
that tweii-lhc capillaric.s passi.s.s contractile |K>wcr, and 
are |uralyzed. It is probable that |»aralj sis * jf tbe va''»>ct»nstrictor ncr\eN 
may play a part in tbe earliest stape of infl.ammntion, but as the xa-Aul-ir 
ebangt*s are x-cn in tiwue whieh Ims l>cen cimiplcttly scjwraiisl fmm the 


Via .tfl — rolymorpftrtfiucJcnr huro- 
Oir wmtnininc harirnn X 12.'>0. 
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nervous system it is evident that tjm chief action is a direct one on tlie vessel 

'' sir Thomas Lewis has shown that the vascular dilatation which follows 
firm stroking of the skin is due to the liberation of a histammc-hke_ or 
“H”-substance. He suggests that in the tissue destruction of inflammaLon 
a similar substance is liberated and sets in motion the vascular mechanism. 
“The agent that alarms the garrison and mobiliz.cs the first or vascular 
defenses is a chemical agent derived from the tissues.^ 'riie perfection of 
this mechanism is such that the defense is organized immediately and^ at 
every threatened point; it is arranged and carried through locidly, being 
independent of higher systems of control (nervous) and of distribution 
(cardiovascular).” (Lewis.) 

The escape of the blood plasma is probably due to a number of factors. 
The capillary walls Jire injured by the toxins and arp thus rendered more 
permeable. The osmotic pressure of the tissues is increased, due to the 
colloid proteins being broken_down into, crystalloid substances with a high 
osmotic pressure. This disturbance of the osmotic pressure causes the 
plasma to pass from the vessels into the tissues. 

It is the emigration of the leucocytes, however, which has the greatest 
suggestion of purposiveness. They .multiply in the bone-n^arrow and tlms 
increase in number in the blood stream, they pass through the walls of the 
vessels, and accumulate, at the site. of irjitation, and they finally engulf and 
devour the bacteria by the process of phagocytosis to l)e described presently. 
These actions seem intelligent and volitional, but they can be explained 
on a physico-chemical basis, '^nieiprce which not only draws the leucocytes 
out of the bloodvessels but causes them to move through the tissues is 
known as c/iemotgxis, -and has been defined as “a directional response to 
a substance m the environment.” (iMcCutcheon). It seems probable that 
the mechanism involved is a lowering of the surface tension on one side 
of the cell, as a result of tvhich the cytoplasm flows by amoeboid movement 
in that directimr. 

i\Ienkin has shown that a crystalline nitrogenous substance can be 
obtained from acute inflammatory exudates which increases capillary 
permeability and induces prompt leucocytic migration. For this reason 
he calls the substance Icucotaxinc. IMoon and Tershakovec, hower'er, 
point out that substances derived from damaged cells attract leucocytes 
into the area, in addition to causing hyiiercmia and edema. The iniured/f 



as quinine, alcohol, and lactic acid repel rather than attract the leucoc,\’tes. 
ihe result depends to some extent on the concentration of the material, 
if the solution is made suliiciently dilute the negative action is changed into 
a jiositive one. When bacteria are e.xtremely virulent they cease to exercise 
any jio.sitive eheniotaetic power,- and merely paralyze the leuepevtes. If 
the two ears of a rabbit are inoculated with an attenuated and a'virulent 
culture respectively, in the former there will be a great accumulation of 
leucocytes with very little fluid, while in the latter there will be an abun- 
dant efiusion oi fluid but hardly anv leucoevtes. 
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Tlie various leucocytes show difTerent depret's of response to chcraotnvis. 
Tlie.jK)lymorphonudear.lcuco<‘ytfR-im*-tlu3 inost-rtaulily-rtlTectwl. The 
lymplioO'tcs are inticlt le<s acthc probabiy-licciiuae of.llic snirtll-ajiiount-- 
of.mobile-c.vtoplasm vhich-they (>01)111111. Iior this reusoa it ^ceins likely 
that most of tlic.celb of_Usmall round cell" collectious in chronicJnflam- 
inatioii arc derived frouv.tiic tissues ratbcr.tbaii from the blood. parti- 'J 
ciilar inlcrc>t is the behavior of the white cells in an inflammatory focus 
in a |)aticnt w ith lymphatic leukemia. In this <lisea«c there may be 99 per 
lent of lymjdiocytcs in the hhuxl to 1 |ht cent of jwlyrnorphonnclcars, and 
yet if an inflannnatory blister of the skin is prodtited. the eviulate consists 
of polyiiiorphoiindear forms with hardly a single lymphocNte. j The pro- 
ducts of animal |air.i.<;ites attract the 4'osinophil leucocyte.s more than any 
otliur variety, hi that these increase in.numl»cr hath in the Mood and in 
the tissue affected. 



F«a 37.— I’itoio 2 mp!i of In inff fcucocvtc«howinc sJrcJching of cytoplasm* ( 0 ) portion 
of Iciifix'ixe containing 3 rcil ccH-^ nttnrhcil to «h(lc. (6) migrating portion (Mudd and 
MiiiH, .Iditr. CScn l'liy»iologv ) 


':U*t US now iipply tlic«e pcncr.)! considerations to a given instance of 
inflanimation. Ihntcria gain entrance to the finger and produce chemic.il 
Even if the irritant is non-haeterial the tissues are injured, an i 
tluOhetiiicttl imw lints of cellular disintc^ratipn ar^_lil)eratcd. Tin '« 
clicmieal .‘•uhstances act tiiion the wails of the vessels producing the ]».ir.i- 
lytic tHl.itatioji and tlnhsuelHiig of the endothelium already des«ril..‘d 
They p.f'S throuch the walls of thc^pillaries at the tlunnest parts, pnd mIiIv 
helwwn the endothelial cells, aml'cxcrt their chemotactic influence on the 
leuct*eytes llin\iiig past. 'fheyM ower the.5urfacC-lCJiSK}n_of th_e le licocytC' 
on the sitle nearest the capillary wall, so tliat they move from the center 
of tlut. .‘•trwun o\cr to the w.all, to which they tend to acilierc io-a 
sticky muiner. Still under llic chemotactic influence, the Icuctx'ytes 
\ • ' • passtliroud* 

’ ■ • ■ . tojhe 

V iicre t liey r ejirat the process on the l£_ 
there, lowering their surface tension on one side and tlrr. 
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blood stream. In this way ajcucoc ytos is is proceed, tlic sip-iidy being 
kept up by proliferation'of the" parent cclIFd? tTic lencocytes, t\ie myelo- 
cytes of the marrow. As long as the blood contains more chemotactic 
substances than the marrow, the leiicocytosis will incrcasc.| _ 

Phagocytosis may be regarded as a special result of the process winch 
has just been described. The leucocyte merely continues^ its onward 
movement until it flows around the particle and engulfs it. Stuart IMudd 

and his associates have shown that 
phagocytosis involves the spreading 
of the l euc&'rtc ovcr the siu’facc of 
the particle Vmtii the latter is_com- 
pletel^^eiiclbsed; the capacity of 
spreading i^ the principal factor. 
(Fig. 37.) , '^)he deposition of serum 
protein on the surface of tire particle 
greatly increases this power. When 
leucocytes are examined at the in- 
terface of an oil-water mixture, their 
remarkable defonnability at once 
becomes evident. This appears to 
depend on the wetting properties of 
the leucocji;es;they are hydrophilic. 
Red blood cells, on the other hand, 
are hydrophobie and exliibit no de- 
formability. (i\ludd and Mudd.) 

The Inflammatory Exudate.— The 
exudate which collects at the.site of 
irritation. is partly derived from the 
blood (hematogenous), partly from 
thc,.tissues.(liistogenous). The vari- 
pus.forms.of leucocytes of the blood 
migrate through the vessel walls; 
the blood plasma also passes out, 
and gives rise to the formation of 
fibrin; the wandering cells of the 
tissues accumulate at the site of irr- 
itation. These tliree constitute the 
inflammatory exudate. Red blood 
cells may be present in varying degree, but have no functional part to 
play. Let us now examine these various elements in greater detail. 

Tub PonvMomnioxocLEAn Leucocyte.— T hese cells are the active 
iigents in acute inflammation, especially in its earlier stages. Thej- are called 
iorth in particular by the pyogenic group of bacteria, and form the chief 
constituent of pus. The ordinary pus cell is a polymorphonuclear leucoevte. 
1 lie great increase in the number of leucocytes in the blood which ockirs 
during inflammation is an increase of the polymorphomiclears. In sections 



Fig. 38. — 1-eucocyte.s collected til point 
of hifuiculion of u dilated vessel. X 200. 
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uJiich it is prcxliiwl. Tlie cells collect in preat mtml>cr« around the dilntc<l 
{Fij:. .'?S), and tlicy pa'^s through the tis^^iie spaces l>y tlicir ainadKiid 
luoxeinent. They are ncti\cly amadioid and acthely phapocjtic. Their 
jxnvcr of movement is reinarkahlc, but they cannot ^*^^iln thronplj fluhl 
with any depree of effect fveness. Tliey must have a framework on whicli 
to <Tawl. It is fibrin wliieli prtnidcs the iiiterlacinp pathways tliat hridpe 
uertKs the ^ilu^^-d^^tcnd^'d spaces «n which the leucocytes can move. 'nK'i, 
pliapocytio jmwer is shown towards bacterLi rather than to dead and 
intepratinp c'clls. They form the fir>t linctif defense of the IxMly npaiu'-pi 
p\oL'enieb.K*tcria, ami constitute the Jiucropliapes of MetclmikolT. Havinp 
de\<mre<l the bacteria they s»*<Tetc a digestive ferment whicli l)riups about 
.solution of the bacterial bodies. Larpe nuinl»ers of tlie Icucocvtcs are killctl 

I .. *« i . 4 • i , - j 4 . . . .1- •_ *• *1 t - I . f , 

a similar action on fibrin, and tends to prevent its formation. In a fresh 
exudate the cell outline is sharp and tlie mtcleus <li^tinct, hut asdepcncra- 
tion promnls the cytoplasm Inx-omcs KEUUllar. the o utline indisti nct, .nptl 
the nucleus evcntually^ilk'ytjM^rs. Many of the cells wliicli survive 
pass baelrinto'tlie lyinplnTtics and bloo<|vt*s«els and reenter the pcncral 
I'irculatlon. 

Tun Fo'ivoriUL Fkijcocw..— H ie o^^iuoplHls of the blood art* few in 
number, ermstitutinp onl\ from ' j to 4 mT ren t of tlie total white c«oiitU. 
Tliey appear early in the inflammatory exudate, and may ilisiiipc'ar en- 
tirely from the blood. A marked iuCTvav injtb«*jiiiuibcc.of.eosinophil4 fn 
tlie blood ((sisinopbilla) is clianieteristlie of infection by. niany .uiima! 
parasites, Uirpe ninnlKTS of thcM* cells are found in the tis'.ue in which 
tlie parasite is lodpisl. In bcunchMl 4istlinui the mu(s<s;t of the bronchi 
is often crowihsl with tsisiiaiphll*. In l) 0 lh of these instanci'S tlie eosino* 
philia may be a n-acllon apaiiist a fort'icu pnUoin. markisl tissue (xt'iino- 
pliilhris smii'times Kx*n in apjHmdMitis in the sub.icute or ehnmic slape. 
hxiMiiophils arc fitxjuently pix'sent in the lesions in the lympli n«Kles in 
Ilodpkin's tHs<*a<c. In thcM- l.ntter jnstancca tlie tvlI.N may f>c dcri\(sl 
from the tissues mtlicr than frfun the MikmI. I >a!ton jK)mts out that t-o'lno- 
philia, l)oth in the (i«suc and the hliHKl. is a wnst.mt awimpauiment of 
the nllerpic reaction 'nie^e crlhs max n-rxe as a factor in cau«inp the nl- 
Icrpie n-sfxinsc. He supKc?.ts that the aiitiUxia-^ nither than tlic antipen 
may Ik* responsible for the co<mopljiha, which in j» 0 'i-inf«vti«n states rises 
with the rise* of imtilKMlc liter, l^sinuphils c/n brcakmp down relc-iw 
: '*' ■ • ■ *ll.xiyjxTn«\il)ilit.v and outjKMirinp 

!: ■ * • ' Uic^aulipcn. ('llnitxd manifesta' 

• . ■ ■ ■ ■ »f the idea that there* is a relatam- 

sbip Ix-twirn the e aglnnpbn< an d hist.amin e is the_ f;Kl th.a t th ceosinopliilla 
wldcli follows injection of extracts of tlic worm .XKwrjMS cximpfetely'prc*- 
vcnlc<rTt\^Uic u«<‘ oT anliiii'lanimc drops 

It i.s common linowlalice iliat the administration of Af’*!'!! or cortis«me 
prcxluci'S a rapid and rc-marLable disappoaramx? of the cs)'inophi!s of the 
iilood, «o much so that tins reaction is useil ns an indienlion of the rcsjKinsi* 
of the Issly to tlicv* htinuones. 
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The Mast Cell. -This is a cell with coarse basophilic granules m the 
cytoplasm, and an indented or polymorphonuclem- nucleus. It is th(> 
basophil leucocyte of the blood, present normally in very small numbers, 
and is also found in the tissues. The.se cells are observed in mild subacute 
inflammations, but they show a marked tendency to disintegrate, so that 
the granules alone may be seen. Mast cells stain metachromalically with 
toluidin--blue,_and....as.Jprpes.has pointed out, tissues which arc rich in 
heparin stain, in.a similar manner.- Examples are the subiutimnhtissuc oi 
bloodvessels,, and subpleural and subperitoncal connective tissue. It-is 
reasonable, ,to suggest, that .mast .cells .are concerned with„the . production 
of.heparin. 

The Lymphocyte.— In chronic inflammation and in the later stages oi 
acute inflammation the lymphocyte may be the main cell oLthe... exudate. 
The cells of such collections are often caijed by the non-committal name of 
“small round cells.” Some of these cells no doubt arc derived from the 
tissues^ but for the most pa.rt they come from the blood. “The comjflete 
ignorance of the function of the lymphocyte is one of the inost humiliating 
and disgraceful gaps. o.f all medical. knowledge. They,phagt)c,v,tose 4 icither 
bacteria nor other particulate matter. Congregated often in the more 
peripheral part's of the lesionrthey have the appearance., of jflileginatic 
spectator’s passively watching the turbulent activities of the phagocytes.” 
(Rich). It is .now known that.antibody formation occurs largely in lymph 
nodes (!Mc3.Iaster and Hudack), and there is evidence to suggest that the 
lymphocytes are the cells which produce the antibodies, although somcw 
workers believe that these ceils merely store and carry the antibodies.l 
T'he release of the gamma globulin from the cytoplasm of lym])hocytes i.'r 
under the control, of the pituitary (ACTH) and more directly of the adrenal 
cortex (cortisone). These hormones control the rate of dissolution of 
lymphocytes and lymphoid tissue, from one-third to one-half of the cir- 
culating lymphocytes disappearing in the course of an hour after administra- 
tion of the hormone. IMaximow believed that lymphocytes developed into 
macrophages, because in tissue culture he observed them acquiring a large 
amount of cytoplasm and the power of phagocytosis. Pathologists have 
not observed this tvansfovination in tissue sections, but Kolouch has shown 
that it can occur rapidly. By injecting egg albumin into the subcutaneous 
tissue of rabbits and examining imprints of the exudate at short intervals 
he was able to (lemonstrate the hour by hour development of lymphocytes 
into phagocytic nnyrophages. 1 he change was completed in less than 
eigluceiy hours. Kolouch’s photomicrographs are very convincing. In 
chronic inflammation the lymphocytes remain for the most part as small 
loimd cells, in acute inflammation they appear to change into macrophages. 


Soine interesting SneU relating to the role of the lymphoevte will be found in 
Lhneh s excel onf review. Normally the intermediate lymph (which has passed 
througlv lymphoid tissue) contains 10 times as many lymidioeytes as does the pe- 
rmheva lynpdn In a do. weighing 10 kilos, 5 billion lymphocytes are poured out 
of the thovaore due urto he venous blood every <lay. As the eirculating blood 
eontaur^ .udv 2, Inlhons, it would appear that the lymplmeytes are replaced twice 
a day. In the rahh.t tlie.y are replaced 5 times a day. The life eyelc of the Ivmphol 
eyte seems to be eomjdeted m a few days. It i.s po.ssihic ti.at the germinarcenters 
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of tlio no(l(“H may !k“ tlii' cravrjiinl rather than the hirlhphce of t!ie lyniphorytc-v. 
As tlie lympliorytCH prodiire tlie normal cnmtna Klolnilin il \< e\ ideiit how i!ni*orfnnt 
a source of immune bodies thej repre^nt. 

Tin: I'l^vsMK Cr.LL.— Tvo imints regarding: tills wll nre (!cMT\inK of 
note. (1) It is never present in the normal hlooil, and (2) its form is so 
clmrneteri'itie that it if» rea<li!y recopnized. (Fip* *19.) The plasma evil is 
larper than the lymphocyte with more ahiindaiit cytoplasm; it is not quite 
round luitj'liplitly pplyponal in outline, and the imcletis is (HHvntrle so that 
the cfll lias a hip-sidt'd apjH’araiuv. The_chromatin is eollecttsl in small 
inass(.-s around the jMTijiliery of (he nucleus like the lipnres on a (loek-fa<v. 
'fliis cloek-faec nrranpeinent of chrohiatin Is only s<rn in s<‘etions, not in 
smears of *’ •• • • . ». * , . ..|r . (|,n. 

fixation. ' ■ ■ • *. ’ ! " spatr 

on the side ’ ■ 

frt(vs the center of the cell. The 
plasma cell does not appear to he 
a distinct spevies of evil like the 
lymphocyte or fihrohlust, hu t 
rather ji.fuuctioiuil stapc_of var- 
ious multipotent evils of con- 
nective tissue which uiidcrpo 
e\ tomorphic clianpesin cytoplasm 
and niieleus endinp in' the* de- 
velopment of a plaMiia <vll. Tlie 
prineipnl n -ll of orjpin is the 
lym'pluieyte, Hut it may arise 
fnmi Mrrious inemhers oL Uic 
r cth’u loeiidotliclial sv sti-m. The 
pkisma evil has Iw'ii calUsl the 
kej to allcrpic proevsses Hjikt- 
sensitii itj , Indh exiKTinK'ut.n| 
and elinicid, Is assoeiatcsl with 
the elevflopment of jilasma c»*lls. 

*riie cycle of maturatifui is in- 
itiatisl hy aiuiplij lactic shock. l lie «-\top|n-ip ap tM-.irs ^ln 
nn tilnslii-s fgl nhulins.) Tlicix*iiauiu\.iruiblc.rflatioUilup.lK.l.ween pl.i*.ma- 
cytosis jnal.iiyjHTKlohulincima, sshitb is an mu>or taut fi xiture of-mmi\ 
iiUlPiu\.ol<)picproceasvs. I’lasnm <s*ll? in the ti^suc:^ arv ipiTeas4-d in lonp- 
cuuliuUuLiiifee.lioU5 "ith.inarktHl imnintiologhxd n-sjKmM* ^uch.as s^phnis 
aiui..riifumatiiid arthrilks. in h>iKT-cii'iti\it\ states, and in multiple 
myduma Avliere -thn- «wm to U* rvhited to llic pn*^’iuv «)f nence-lones 
liailduiu-tlic-iuiuc. 

'rin; Mecnoi’UNtJi..— Many names ha%e Uvn pi\en to the laiTre ni«UK>- 
miclc.itnl evils which play im|x)rt:int a pirt in the bter stapc> of acute 
inflammation and in jw»me tyjx'S of dirouic iufl.immatinn. Amonp«t sm-h 
names may U* mentioned i>oly blasts (Mnxiimn' », cl.ismat«K‘\ tes (IlanN icr). 
a«l\rntiti:d txlU (Marchandh kiige mononuclears. niotuK-ytes. Iii«tiooytc5 
(.\schofr), am! macrojdiapcs (MctchnikofT). Some of the-*' nameji n ilivt 
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It is probably tAvofold : 


doubt as to tWt origin. It is probably woloia: from tho blood ami [ron, 

discussion on the l.v,npbocyte it was pointed out tiud there is goo.: 
reason to believe that many lymphocytes rlcrived from tlie blood beeoim 
converted into macrophages at tl.c site ol inf animation h.v inerease^in Ih 
cvtoplasm aad enlargement of the nucleus. Ebert and ]Mor('\ . using ai v . 
transparent observation chamber in the rabbit's car and nioymg pictuu 
technic, observed monocytes marked by vital dye and traced tiicir ])assng( 
through capillary walls into the tissues, where they became converted mb 

macrophages. ... 

It is probable that the bulk of the macrophages arc histogcnmis in origin 
particularly from the reticulo-endothelial system.^ They are deri\-cd_ no 
only from "cells lining blood sinuses, such as the Kupljer cells of the In'cr 
but from the tissue cells of that system known as bistioc\gcs. 1 n additioi 
to the fixed cells there are nomadic mesodermal cells whicli liave no fixci 
abode, but wander through the tissues by virtue of their aiiucboid powers 
The distinction between the fixed and the wandering cells can lie imis 
readily realized by studying tissue cultures, and can be demonstrated in i 
dramatic manner by projecting a moving picture of the culture on th 
screen, when the actively amoeboid and actively phagocytic nature of tbes 
cells becomes r-i\ddly apparent. 

INIacCallum has given an unsurpassed description of such a picture 
“The connecti\ e tissue cells grow out majestically and smoothly from th 
margin of thc^ field, crossing and interlacing until a firm new structure i 
ibrmed.' Among these cells one may see others of cpiite dilYcront aspcc 
norining their way witli no thought of building. Arrived at the margii 
where tliey escape from the entanglement of these more serious fihrohlasti 
tliey show their true characters. Some are polymorphonuclear leucocytes 
and they hop about witliin a limited area in a sort of ecstatic freuzj 
evidently throwing out and retracting psoudojjocls at a great rate, 'rhe: 
there are lymphocytes which move humbly, like slugs crawling only a littl 
way with head to tlic ground. But also there are macrophages which read 
out great arms, perhaps in two or more directions, and at the end of thes 
arms tliere is a flourish of clear protoplasm with outfhing streamers tha 
nave and search about for Avhutever can be seized, or else the whole ad 
yaneing margin of the cell flows out and comes back like a wave, suckin 
m any particle that comes in its way.” In the fixed and stained tissue of 



field illumination is seen to be an extremely delicate meiubrano, wine 
undulates incessantly like a delicate silk veil when blown bv the 


wine 


l! niemlwane that the pseudopods are formed, and it appeal 


tr, Y,i.,v. +1.,. .V 4. f 4.1 I'-Hiufu, aiiQ it appeal 

™it.i„ foil”' " "■* i" i' 

tm ipiththo 1(1 cells of tuberculosis and syphilis, the compound m-imib 
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cells which take up lilood pigment in the luiio ' 
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of nuclei, which cannot all be seen in one section, since the ep]l,)ssplierjcal. 

It must not ])e supposed from this brief summary that the sMhic^d ol 
aiant-cell formation is as simple as it st^icLs. Haythorn’s oxeoilont review 
of the whole subject conta ins- 39T references. Three great classes oi giant 
cells must-be distinguished; (1) tumo_r giant cells, (2) forcignJmdy. 4 pa-ut 
cells, (3) a miseellaneous group, (Figs. 41 and 42.) 

Timor giaui cciiriive best seen in osteogenic. sarcprnu of bone, in glio- 
blastoma multiforme (a malignant tumor of the neuroglia), in rhabdomyo- 
sarcoma (a malignant tumor of muscle), and in primary .carcinoma ol 
the" liver. They are Jarge cells, aiyd have one or several nuclei, but 
the^e-are never'veVyj.nmnerp'us.,., The biuclei’ are often Jiypen.-hromatic 
so that tliey stain very.darkly,.and' may vary considerably in size and shape, 
so that the cell has a more atypical neoplastic appearance than the Lang- 
hans’ type of cell. The genesis is also different, for tumor .giant cells are 
formed’ by the nucleus of the cell dividing while tlie body of tlie cell fails 
to di\'ide. These giant cells are not derived from the macrophages but jxom 
the. c.ells.oltheTumor,. whether. comiecti,v.eL.tissue,or,epithelial in natm-e. 

The foreign body giant ceil is larger than an ordinary cell 
e normou s sizej.it contains num.er.ous mi,clej 7 ^fp 7 iietihieras inaiiy as oO or 
lOQ. The nuclei are .regular . in .size and.seldom large. In the ordinary type 
of, giant cell engaged in removal.of a , foreign body, the nuclei are scattered 
through the cytoplasm. In the giant cells so characteristic of tuberculosis, 
also.knowTv'as the Langhaps’.type.of giant cell, the nuclei tend to be ar- 
ranged around the, periphery or are collected at one or botli.juffes of the 
cell. 

Foreign body giant cells may be found in a great v.ariety of conditions. 
Of these the commonest is tuberculosis, but it is a great mistake to .jumjr 
to the .conclusion that a lesion cojitaijiing giant cells must be tubcTculdus. 
They are found in other chronic destructive inflammations such as sypliilis, 
leprosy,, actinom.^:c,osi3, and blastom.vcosis. , Iti leprosy the colls niny bo 
crowded with bacilli, (lepra cells), . and in tuberculosis they ma.v contain a 
smaller number, of tubercle b/tcilli. Any dcstriicti\'e lesion of bone may 
contain giant cells. They form the most striking feature of the giant-cell 
tumor of bone. Giant cells may be found at the site of old hemorrhages, 
but they are more often associated with attcm])tcd removal of cholesterol 
crystals. I liax’e seen examples of this in atheroma of the aorta. The 
lesions of traumatic fat necrosis often show numerous giant cells, and arc 
easily mistaken for the lesions of tuberculosis. 


AMcrpuliiiclunioiis or radial iiidusioiis .arc observed in giant cells in tuborcio-lik 
fonnatioas m a variety of eonditious. These are mo.st characteristically. scon i: 
Rivcoi(ln><is, but are al.so found in subcutaneous ti.ssuo.s containing paraflin in th 
wail of dennpjd .io'.sts in old hemorrhages, etc. They have been oiiserved in th 
h\er, spleen and ymph node.?. Hirseii, from an exhaustive e.vunination of luima 
;ind e.xpenmpida! material, came to the conclusion tliat tlie .s tar-li lfe .melusiou 
' Thf.TJ'GTyrbdhnc lynns of fat scjiaratcd from an oil sy.stem containing chol'estero 
Chemical ciiangc.? take place m the eompo.sifion of the crystals in the tissue? so tin 
the.y bn-omo msokdde m fat solvents. Cunningham believes that thev are organi 
«,rbire.< j, resent m maun foreign, body reactions. Thov are best'itfee 
with pho?photung.stK; acid . hematox.vlin. ' staine 
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In addition to the two great groups of tumor giant cells and foreign body 
giant ceils, a third miscellaueous group may be recognized. In certain con- 
ditions of continued irritation the mesodermal cells become larger and may 
contain several nuclei. TJie large A-schofT cells of the rheumatic nodule 
ofTer one example. * *’ H 

The L’i'jipii of 
amount of blood pi 

spaces-ivherc.it-constitutcs.theJyjnph. From these spaces it is absorbed 
into the lymphatics, and passes tia the thoracic duct back into the blood 
stream. There is thus a continuous How from the blood into the tissues, 
but the fluid is absorbed at an equal rate so that it docs not accumulate in 
the tissue spaces. 

The lymph which escapes from the vessels is not the same ns the plasma 
which remains; it is thinner and contains much less protein, oning to the 
selective action of the vascular endothelium. . 

In inflammation the outward flow.is enormously increased. By inserting 
a cannula into one of the chief lymphatics of the leg and then producing 
inflammation of the foot by immersing it in hot water, Cohnheim was 
able to show that the flow of Ij-mph might be increased to eight times the 
normal. Drinker and his associates have amplified these observations. 
They found that the lymph flow in the inflamed part showed an c.xtra- 
ordinary increase, and that the subcutaneous lymphatics were so greatly 
dilated that they could be injected with ease. It is e\ ident that the lympliat- 
ics do not collapse as tlie result of pressure of the fluid in the tissues, ns is 
sometimes supposed. The normal lymph pressure in the leg of a dog is too 
low to he measurt^d, but in sterile inflammation it rose to 120 cm. of lymph. 
The increased lymph flow lasted as long as twenty-four hours. The pro- 
duction of fluid is so great that it cannot be carried away liy the lymphatics, 
and therefore accumulates in the tissue spaces. Here it gives rise to inflam- 
ina.torii.cdema,.ivliiclLia.tlic chief cause of the si\TlHng of tlie part in acute 
inflammation. Tlic lymphatic channels tend to become blocked with the 
inflammatory products; this increases the accumulation in the tissues. 
Inflammation of the lymphatics (lymphangitis) will still further aggravate 
the coudition. 

The principal factors in the production of inflammatory edema are 
changes in the ca p illa ry. wall tnnd, incrc.ise!J.Oiinjotie pressureJiLthe tissues. 

The dispute regarding the filtration and secretion theories of the pro- 
duction ' ' ' ■ . - .... y. , , 

in that 
greatly 

endothelium, so that the plasma is no longer held hack within the vessels. 
Not only is the amount of Ijinph whicli escapes greatly increased ; its qualify 
is abo changed. XormaLlymph-USually^ contains less than-1 pcr.amt.of 
protcin.-.wbcrcasJnJnflammation-lhe-lymph-4nny-conU«n-fls-mueli-as~S 

per cent. 

Of much greater importance is thc jncrm.vd oynotic pres sure of the 
tissue fluids at the site of inflammation, wlucli is a far more powerful force 
than the pressure inside the \csseI3. Early in the inflammatory process 
as the result of tissue disIntcgr.ation metabolic piwlncts arc liberateti, fnr^ 
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of nuclei. Nvhich cunuot all be seen in one section, since tlic cell.isy.hcrK'al 
It must not be supposed from tins brief sumnvavy that the sin, pc t_ o 
siant-ccll fonnatiou is as simple as it S(mii_ds. ITaytborn s cxccilcnt revun\ 
of the wbole subject conta ins- 30r references. J hree great clasres oi g.an 
cells imist.be distinguished: (1) tumor giant cells, (2) lo,rpign_.bpd.v -giant 
cells. (:i) a misccllancpus group. (Figs. 41 and 42.) _ 

"I'nmor qmTrfrfirnrG liest .seen in osteogenic ..snrepin a of bone, m glio- 
blastoma nmhiCorme (a malignant tumor of the ncuro.glia), in rhididomyo- 
sarcdina (a malignant tumor of muscle), and in primary ('.arcinoma ot 
tire.l,iver. They' are jarge cells,,, and have mie or several nuclei, but 
these ’are never very, numerous. The nuclei are .otten hy])erehromatie 
so that they stain vevy.darkly, and may vary considerably iii size and sliajK', 
so that the cell has a more atypical neoplastic ajipearanee than the Taing- 
hans’ type of cell. The genesis is also diflerent, for tumor gi.ant evils are 
formed' by the nucleus of the jccll dividing vhile the body of the cell fails 
to dii icie.' These giant cells are not derived from the macrojiha.gcs butlbiin 
the eells.oLtbe-tuuiQr, Avhether. councctiv.atissuc oitei)ithelial in natm-e. 

The .foreu/i) hodi/ qianf crll is larger than an m-dinary cell and jnay lie of 
en ormou s si'/iej..it ciintaiiis uutnerpilsuuiclei, sbniefirnes as many as -ib or 
IdD. The nuclei are regular in size and, seldom large. In the ordinary tyj^e 
of giant ceil engaged in removal.of a foreign body, the nuclei are scattered 
through the cytoplasm. In the giant cells so characteristic of tuberculosis, 
also, kriouit 'as the Langhans’ type. of giant cell, the nuclei tend to be ar- 
ranged around the, periphery or are collected at one or both,.])oles of the 
cell. 

Foreign body giant cells may be found in a great variety of conditions. 
Of these the couuiixuiest is tuberculosis, but it is a great mistake to jumj) 
to the conclusion that a lesion containing giant cells must be tuberculous, 
d'hey are found in other chronic destructive inflammations such as syphilis, 
leprosy, aetinom.vcusis, ;uid blastomycosis. lu leprosy the colls may be 
crowded with bacilli, (k'ltra cells),. and in tuberculosis they may contain a 
.smaller number of tubercle, bacilli. Any destructii’c lesion of bone may 
eontaiu giant cells. 'I'liey form tlie most striking featiire-of the giant -ee'll 
tumor ol bone, (bant cells may be found at the site of old liemorrhagos, 
but they are more often associated with attemjited removal of eliolesterol 
crystals. I iiai'c seen examples of this in atlieroma of the aorta. The 
lesions of traumatie lat necrosis often show numerous giant cells, and are 
easily mistaken for the lesions of tuberculosis. 

A.^U rpu) induswns or radial im-luskms are observed in giant cells in tubcrole-liko 
fonnatious in a variety of conditions. Tiiesc are most eharaeteristieally seem in 
.s;n'e()i(lo.;if;, hilt are .al.s-o fotitul in suiK-utaneous tis.suos eontuiniug \)ara(Uu. in the 
wall of denno’ul. ey.sts, in old hemorrhages, ete. Tliey have hoen observed in the 
liver, ,«j)lcen and lymjdi nodes. Ilirseh, from an exhaustive c.vunination of Imman 
and experimental material, eame to the eonelusion that the staiilike.inehisions 
’ ' P' yY'y 1 1,'.' stallme of fat separated from an oil sy.stem eoutaiuiug dioiestorol. 

Wiomu-al ehange.s take place in the eompo.sUioii of the crystals in the tissues so tiiat 
they heeome msohihle m fat .solvents. Cunningham believes that tliev are or-raiiie 
pnmnn, struetmv.s present in mauv.forcigu.body reactions. Thev are bestlt^icd 
uith phosphotungstio acid Jieinntoxvlin. 
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In addition to the two great groups of tumor giant cells and foreign body 
• giant cells, a third misccUanrous group may be recognized. In terUun con- 
ditions of continued irritation the mesodermal cells become larger and may 
contain several nuclei. The large AschofT cells of the rheumatic nodule 
offer one example. Anotheristhf ^ 1^' ' . , *• 

Tun Lymi'h or the Excdvi ' ' ■ , 

amount o f blood plasma.passcs. 

spnf fs \v hcri».it-constitute> the Urnipli. I'rom thc>c spaces it ia absorlK'd 
into the lymphatics, and passes rm the thoracic duet back into the blood 
stream. 'rUcro is tluis a continuous flow from the blood into the tissues, 
but the fluid Is absorbed at an equal rate so that it docs not accumulate in 
the tissue spaces. 

The lymph which escapes from the vessels is not the same as the jdasma 
uhich remains; it is thinner and contains much less protein, owing to the 
selective action of the vascular endothelium. 

In inflammation.thc outward flow. is enormously increasetl. By inserting 
a ciinmda into one of the chief lymphatics of the leg and then producing 
inflammation of the foot by immersing It in hot water, Cohiiheim was 
able to show that the flow of hinph might be increased to eight times the 
normal. Drinker and his associates have amplified these obHT\'ations. 
They found that the lymph flow in the inflamed part showed an extra- 
ordinary increase, and that the suheutaneous lymphatics were so greatly 
dilated that they could be injected whh ease. It is evident that the IjTnphat- 
ics do not collapse as the result of pressttre of the fluid the tissues, as is 
sometimes supposed. The normal i\nnph pressure in the leg of a clog is too 
low to be measured, but in sterile inflammation it rose to 120 cm. of lymph. 
Tlie increased lymph flow lasted as long ns twenty-four hours. The pro- 
duction of fluid is so great that it cannot be carried away by the IjTnphatics, 
and therefore accumulates in the tissue spaces. Here it gives rise to inflam- 
mato^y.e<lelna,.^Ybicll.is.tllc chief cause of the swelling of the part in acute 
inflammation. The lymphatic channels tend to become blocked with the 
inflammatory prmUicts; this increases the accumulation in the tissues. 
Inflammation of the lymphatics (l^^lphangitis)^Yill still further aggravate 
the condition. 

The principal factors in the production of inflammatory c<icma are 
changes in the caHjllary^SvaU and.increascd.o^ninuc pressiicpjn^jhe tbsucs. 

'Hie dispute regarding the filtration and secretion theories of the pro- 
duction of lymph must he left to the physiologists \Ye may take refuge 
in that non-committal term, th e Drrm^ biUt}fj^f the capijlaries. This is 
^ greatly increased by the action of the products of irritation on the vascular 
endothelium, so that the plasma is no longer held back within the vessels. 
Not only is the amount of I.vmph w hich escapes greatly increased ; its qualify 
is also changed. XormaUj-mpluusually contains less than-1 pcr-centof 
protein.-whcreasJn,_inflammation-the-lympb-may-contain~as-muelt-as-S 
per cent. 

^ Of much greater importance is the Jnrrcojtrd osmotic -p ressuTp. of the 
tissue fluids at the site of inflammationTwiach Is a far more powerful force 
tli.an the pressure inside the vessels. Early in the inflammatorv process 
as the result of tissue disintegration metabolic prodiiets are lihemted, for 
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the most part acid in reaction, and these so raise the osmotic pressure 
that .fluid is drawn from tlie vessels to dilute them. 

The ainovnt of the fluid exudate varies greatly, depending on two mam 
factors, the irritant an^the site.. (1) The bite of a mosquito and the stmg 
of a nettle are examples of irritants which cause a marked outpouring ot 
fluid. In a blister the exudate is almost entirely serous. Influenzal pneu- 
monia is characterized by an extreme degree of inflammatory edema m the 
pulmonary alveoli. (2) The more open the tissue, the greater will be the 
exudate. It is most marked in serous sacs (pleurisy, peritonitis). In 
loose cellular tissues the fluid may be abundant. It may separate the muscle 
fibers of the appendix in acute appendicitis. (Fig. 43.) In such densi' 
structures as bone the amount is negligible. 



Fig. 43.— Muscle fibers of appendix widely separated by fiiiid exudate. X 200. 


F ihrin formation is intimately associated with the inflammatory lymph. 
1 he fibrinogen pt the plasma passes out with the lymph, and this is acted on 
by the throinbin liberated by the disintegration of the polymorphonucelar 
leueop-tes with the ])roduction of fibrin. This takes the form of a scries of 
hue threads interlacing with one another. (Fig. 44.) The amount of fibrin 
vanes with the irritant and the location, just as does the amount of lymph, 
.mme bacteria such ip the pneumococcus and tjie diphtheria bacillus excite 
an abundant formation of fibrin. iSIuch fibrin is formed on serous surfaces 
suclwis the pleura and the peritoneum. Proteolytic ferments liberated 
ly the leueocN'tes tend to jireveut its formation, so that in an abscess 
crowded with pus cells no fibrin will be formed, -^rhe fibrin plays an impor- 
tant part in the process of hading, acting as a temporary scaffold on which 
the new tissue is built up. It may serve as a barrier against spread of the 
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infection, SQ..tliatjn,pneumQnni_the.pneiimococci.do.not.rcadily_passirom 
th e lu ng into the .pleuraLcavlty^ ^An offset to these advantages is the 
fact that adhesions take their origin in the fibrin. Such adhesions are of 
value at first for they serve to localize the inflammation as in the case of 
an inflamed appendix. Later they may exact a penalty by undergoing 
contraction and thus gravely interfering with the function of the part 
affected.' 

Itr.iATioN OF THE Lesions TO THE CARDINAL SiGXs.— It now bccoiucs a 
simple matter to picture the pathological basis of the cardinal signs of 
inflammation. The heat is due to the increased amount of blood fioving 
through the part. The redness is also caused by the local hyperemia. The 
su'cUiug is to be attributed in p.irt fo the vascular dilatation, but much 
more to the accumulation of exudate in the tissues. The chief constituent 


Fia 44 —F-xiaUtc con«i'tinc mainly of fibrin X COO 



of the exudate responsible for the swelling is the lymph, the accumulation 
of which leads to inflammatory edema. There may be marked enlargement 
of an inflamed appendix, e\en though the cellular exudate is slight. The 
-pniii is caused by pressure on nerve endings. If the tension is great, as in a 
dense structure like bone, the pain will be severe. Stretehing of a serous 
\ membrane rich in nerves will also cause much pain. Lots of function, 
\ varying in degree, is partly due to pain, partly to destruction of tissue. 
i^.-The Tissue Changes in Inflammation.— llie xTiscular phenomena and 
',,ttlic formation of an exudate do not constitute the whole pathology of 
inflammation There are also tissue changes. These may be of two types, 
(1) degenerative and (2)>twoli ferati \c. If the i rritant is inten^ ^c, riie effect 
i^egencratioaand<lestruction. If it is mild it acts as a .stirhiilan’C and the 
efloct. is. proliferation. Growth will either be i mpaired or enha nced, the 
result depending on tjmjntensi^ ^Jfjtlwtirritant. At the ccnter_^H^n- 
flaiimi!itory-*afca*'tlie action of the irritant is_scv ere, so that dcgencratioiT 
* predominates; at.the pcriplicn the action is mikh^so^that 

be stimulated to prolifersxte. 'fliis part of the inflammatory process 
‘known as repair or healing ' 
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the most part acid in reaction, and these so raise the osmotic ])rcssiirc 

that .fluid is drawn from the vessels to dilute tlmin. 

The ainomt of the fluid exudate varies greatly, dcpciifliiig on two mam 
factors, the irritant andjhe site,. (1) The jiitc of a mosquito and tlic stmg 
of a nettle are cxaniples of irritants which cause a marked outpouring ot 
fluid. In a blister the exudate is almost entirely serous. Influenzal pneu- 
monia is characterized by an extreme degree of inflammatory edema in the 
pulmonary alveoli. (2) The more open the tissue, the greater will he the 
exudate. It is most marked in serous sacs (pleurisy, peritonitis). In 
loose cellular tissues the fluid may be abundant. It may separate the muscle 
fibers of the aj)pendix in acute appendicitis. (Fig. 43.) In such dense 
structures as bone the amount is negligible. 
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infection, so.tliat in.pncumonLvthe.pneumococci <lo_not rcadily.-passirom 
th£jjmi;_into„the_plciiruLcaYit^'. ?An offset to these advanta^res is the 
fact that adhesions take their origin in the fibrin. Such adhesions are of 
value at first for they serve to localize the inflammation as in the case of 
an inflamed appendix. Later they may exact a penalty by undergoing 
contraction and thus gravely interfering with the function of the part 
affected.* 

11kl.\tion of tuf- Lesions to the Cardinal Signs.— It now becomes a 
simple matter to picture the pathological basis of the cardinal signs of 
inflammation. The heal is due to the incrcasc<l amount of blood floving 
through the part. The redness is also caused by the local hyperemia. The 
su'clliny is to he attributed In part to the vascular dilatation, but much 
more to the accumulation of exudate in the tissues. The chief constituent 



of the exudate responsible for the swelling is the lymph, tlie accumulation 
of w Inch leads to inflammatory edema. There may bo marked enlargement 
of an inflamed appendix, even though the cellular exudate is slight The 
pain is caused l)y pressure on nerve endings. If the tension is great, as in a 
dense structure like bone, the pain will be severe Stretching of a serous 
\ membrane rich in nerves will also cause much pain. Loss of fimction, 
\ varying in degree, is partly due to pain, partly to destruction of tis-^ue. 
1 .--The Tissue Changes in Infiamination.— The vascular phenomena and 
' l^tlie formation of an exudate do not constitute the whole pathology of 
inflammation There are also tissue changes. These may be of two tjTies, 
(1) degenerative and (2)-proljfrrari\c If the irritant is intens e, the clTect 

;-,i is mild it acts jrs^sti'mdanU and the 

■ either be i mpaired or cnhan^ . the 

■ thtirritajit. At the center_of 
ritantis-severe, so that degeneration 
' . predominates; at_the perijihery the action is mjldj so_that 

be •«timnlate<l to pmliferate. niis part of the inflammatory proce>s i« 
‘known as rt‘pair or healing. 
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The bacterial toxins poison the tissues of the inflamed part, leading 
either to degeneration or death {necrosis). Both of tlicse processes hare 
been discussed in the chapter on Degenerations. The two inost cotnmon 
degenerations are alhtminous degeneration or cloudy swelling and fgtf!/ 
degeneration. If either of these is carried too far the aflected tissue will 
die and become necrosed. ShpnlcUlirombosis of the vessels occur, necrosis 
Avill be hastened,. as the tissues havejost their food supply. In addition 
to the bacterial toxins, the proteolvtic ferments liheratcfl by the broken- 
down leucocytes play an important part in the (Icstructivc pi-oix-ssi's, al- 
though they are unable to act on living cells. Ihesc ferments jirodncc 
liquefaction of the dead tissues. The result is the formation of the fluid 
known as pu.s. It must not be supposed that every inflammation goes on 
to the formation. o£ .pus, .and. so becomes pnrvJeni in type. Some bacteria 
are pyogenic or pus-producing. Most of the pathogenic cocci arc in this 
class and many bacilli. But some bacilli, such as the tubercle bacillus, 
lead to a proliferative reaction with .little or uq attempt at pus formation. 
Even the pyogenic cocci when few in number or of mild virulence may fail 
to produce a purulent inflammation. Large -numbers- of leucocytes arc 
necessary for theiormation.of pus. If the exudate consists mainly of lymph 
or of fibrin, not sufficient leucocytes are present to produce the liquefaction 
which is necessary for pus formation. The serum contains an antibody 
wluch tends to inhibit-the.protcolwtkvcnzymex)f.the leucocytes, so that.in 
serous exudato.s.thercMvill be no,autolysis. The leucocytes of some animals, 
such as the rabbit, contain but little enzyme; such animals usually fail to 
produce liquid pus. Li\'ing cells are not afi'cctcd by digestive enzymes. 
Thus in lobar pneumonia the dead cells of the exudate undergo autolysis 
(resolution), but the Ii^■ing walls of the alveoli are left intact. 


Infl.vmm.\T[ox of Serous Membr.\.se,s.— I nflammation of the pericar- 
dium, pleura, peritoneum, etc., is usually serofibrinous in type, i. c., the 
exudate in the cavity is serous, but fibrin produced by coagulation of the 
exudate is laid down on the smooth surface of the membrane, covering it 
with a sticky, shaggy exudate or in milder cases merely robbing it of its 
normal sheen and imjairting to it a frosted or ground-glass appearance. 
^Microscopically the exudate consists mainly of fibrin, with a varying: 
numijor of polymorphonuclears and soiue.sermn. As a result of the relative 
^absence of pus cells from which tlie proteolytic ferments of inflammation 
are derived, .the fibrinous exudate is not relno^■ed by uutolysis. Instead, 
it undergoes the process known us organization which will be studied in 
connection with rejjair. New fibroblasts grow into the exudate and 
rianove it in part or whole. If some of the exudate remains it is converted 
into dense fibrous tissue. If the two serous surfaces are stuck together by 
tiic exudate, as is often the ease, the invasion of fibroblasts will sew the 
sinlaees together at this point with permanent adhesions. 
hU'i'i UATiox.—If the dead tissue in an inflamed area imdergoes softening 

^I'PP'iration and the fluid formed 
n PU; . 1 ns IS the method by which the dead material is removefl from the 
HK >. Ihere are three requisites for snpjmration: (1) necrosis; (2) the 
piesvnee of sufiieient leucocytes; (:V, iligestiou of the dead material bv 
pruieolytK- ferments. If .-m.v one of these is absent suppuration will not 
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occur. Anything which will produce both positive chcmotavis and necrosis 
will produce suppuration. Not only pyogenic bacteria and their toxins, 
but aseptic irritants such as turpentine and croton oil will cause typical 
suppuration. The 2>rf,‘!c«cc of leucoci/tes does not consUlulc suppuration. 
The tissues may be crowded with pohnnorphonuclcar leucocytes, but sup- 
puration and pus formation need not be present. (Fig. 45.) 

The digestive ferments nrc.produced,mamly,by .the. leucocytes, and to 
a lesser extent by the necrosed tissue cells and the infccting-bactcria. The 
part played by the leucocytes is readily shown by testing the action of pus 
on fibrin or egg albumen. This is easily dissolved by pus or purulent spu- 
tum, whereas non-purulent sputum has no effect. Thejictiouof the-proteasc 



P'jo 45-— Muscle fibers of appendix separated by leucocytes but without suppuration. 

X 500 

of the Icucocj'tcs tends to be inhibited by the antienzymes of the scrum. 
On this account, if the exudate Ik* rich in senim and j>oor inleucdcytcSviio 
liquefaction and suppuration will occur. IVainage of the scrum by rcmo\ al 
of the antienzynu's nia\ lead to liquefaction and removal of the dead tisMic. 
In some animals Mich ,ts the rabbit the leucxicx’tes are poor in protease and 
the scrum is rich in antienzjanes. Oi>ie lias shown that in stieh an animal 
infectio " ' * ’ * ’ ‘ 1* ^ n 

of pus. ... ■ , , ' - 

urated ^ 1 

fatty acids and therefore resists liquefaction. The toxins of the tubercle 
bacillus appear also to dc.stroy tin* autclj-tic ferments Another reason 
why the ordinary tuberculous U.sion docs not suppurate is that it does 
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not contain leucocytes. If secondary infection occurs, or c\xn if leucocyte's 
are attracted to the part by the injection of iodofonn, liquefaction and 

suppuration will soon follow. _ ^ , 

Pus is the fluid product of suppuration. It is alkaline in reaction and 
usually yellowish in color. It. consists of.pus cells and pus si'i'iiui. but in 
addition it contains the debris of tissue destruction and iiactcria living or 
dead. The pus cells are leucocytes, for the most part ])olymori)honuclcar 

in type. If the exudate is fresh as in 


the discharge from a recent gonor- 
rhea, the details are shurji and the 
cells are well preserx'cd. If the ex- 
udate is old, all details may be lost, 
y/riic pus srnnu i.s inliammatory 
lymph to which arc added the jirod- 
ucts of cell disintegration. It doi'S 
not coagulate,' because the fibrino- 
gen of the blood plasma is destroyed 
by the enzymes of the lencoeyte.s. 
It is for this reason that the exudate 
of a serous pleuri.sy when removed 
from the body will clot into a jelly- 
like mass, while the much thicker ex- 
udate of a purulent i)leuri3y (empye- 
ma) will remain uneoagnlatedy^ 

.In ubscrss is an example of local- 
ized suppuration. The inflammation 
is limited to one area, and as the irr- 
itant is a pyogenic one, pus is pro- 
duced. IVhen staphylococci lodge 
in the kidney, an acute inflamma- 
tory reaction results, the ‘cells in the 
center of the focus are killed, and 
are liquefied by the proteolytic en- 
zymes. (Fig. 40.) In this way a 
, . , cavity is produced which contains 

Umi ])ns. 1 he Avail of the abscess cavity consists of damaged but still 

struggle goes on to limit the spread 
of the miectiou. (Fig. 47 .) ^ 'liiis limiting zone is croAvded Avith polvinorpho- 
uuelear leucocytes and with m-acrophages filled Avith debris. Pus cells 
are contnuiully discharged from tins zone into the abscess, so that it is 
• ca a le piioiivnu- mrwbranc. If the abscess is chronic, or if the infection 

nu! i t r’ " ill greatly outnumber the polymorpho- 

uuc ear.._ I urther out the tis.sue becomes more normal. 

-.bs e " :‘ctive more and more material is added to the 

; , • • ■ ; "••till" It rises. It therefore tends to ex- 

und ui point m the direction of least resistance. In the kidnev it mav 
1 -th.uge into the renal pelvis or on to the surface of the kidnev. If the 



Fig. 4G. — Ah«cess of Idihiey .^lioAvinj; 
(lark niasse.s of bacteria and destruction 
of tissue. X 275. 
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al>sccs3 enters a muscle sheath such as that of the psoas it may trek along 
\t for a cousUlerahle distance. 

'Oiapatli formcil !>y.ai» abscess iu its cfroct-to.discliarge on a-frce^utface 
is-knonn-as.a sinu.f. Should the abscess discharge simultaneously on to 
both a skin and a mucous surface, the path which connects these su^face^ 
is called a Jlstuta, If the mucous surface is in the bowel, feces will be 
<!isc}iargt'd on the skin, and the fistula is a. fecal fistula. A pood example 
is the abscess \\hich may form when an inflamed appendix ruptures, and 
which may eventually discharge both into the bowel and on to the ab- 
dominal wall, ^^^len an abscess reaches a surface, eitlicr skin or mucous 
membrane, the overlymp tissue becomes necrosed, fornunp a slough, and 
wlien the sloiipb is discharpwl an open sore or vlccr is produced. This is 
the Usual fate of an .'ibsecss. An iilcfr, which is an open sore, an interruption 
of surface continuity of skin or imicxms membrane with tieeoinpanyinp 
inflammation, is, of course, frequently produced by injurious agents acting 
directly cm the surface. 





I'lO 47 .— WqU of nU'.jxoi.in Incr At tlie left the !ucr celNitre comparatn-ply uninjured 
At the npht there is an acute inflammatory exudate X SOO 

All acute inflainmatory lesion which diNcliarges on the surface generally 
heals quickly .'Such a healing ulcer is called a hcaUhj ulcer. Its floor is cov ered 
by pink granulations coinposctl of the \ aseular connective, tissue-known ns 
fLS5iif, any discharge which comes from it is slight and contains 
only a few* pus cells, the edges are sloping and arc bordered by a bliiish- 
wJiitc line of ingrowing epithelium, and the surrounding parts are not in- 
n.unctl. An ulcer may fail to heal and be uuhralfhj/ because of continued 
infection Or defective circulation in the pan In such an ulcer the base is 
batbctl with pus, the etlgcs arc ragged owing to continued tissue destruction, 
the cpithelintn shows no sign of covering the ulcer, the surrounding parts 
are inflamed and wlematousor may lie hard and sclerotic from fibroblastic 
proliferation. (Vig. 4S.) 

.1 Ifoil is aiiJ'b'st'^s of a hair follicfe or a sebaceous gland,^causcd l>y tlic 
Staphylococcus aureus whidi.has penetrated the opening of a duct, owing 
It may Ih‘ to repcatetl.frkrtion, so tliat itis commonest-on. the-buttocks or 
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the back of the neck. There is marked fibroblastic i)rolifcration, wliicli, with 
intercellular formation of fibrin, causes the characteristic induration. Tiic 
tension thus becomes high and is responsible for the pain. There may b(^ 
very little liquefaction of the necrosed tissue, .so that the center of the boil 
is composed of a solid “core” instead of pus. In a carbuncle the infection 
spreads to the subcutaneous tissue rvhere it causes a more rlilfuse lesion 
which discharges on the surface by a series of openings, and from which 
toxic absorption is more liable to occur. The pus serum is absorbed into 
the lymphatics, the pus becomes insjnssated, and the dead tissue is con- 
verted into a mass of fatty debris in which lime salts may be deposited. 
This fatty change with calcification is seen much more commonly in tuber- 
culous lesions than in acute inflammation. 



area The suimurnt!*' limited to a circumscribed 

sta])hylococci a limited one ^ This dilfn- inflammation, 

sity of the local infll n m ..’v , »» the inten- 

coceal than in strentococcal h'f 

ace<)untofbk,ckingofthehmu)hchlr'!^J^. m 

a clotting i)rineii)?e or stanhvl ' fibrin. Staphylococci produce 

-hereas stJeplXi Ibnnation, 

and prevents the formation of fibrin fS tl ^^hlch breaks down 

int(‘iisity of the 1 (k';iI ivaftioii ‘ “’''J inverse proportion 

Varietip of Inflammation.— \ multitude i 
been applied to the various forms of tl ^ names have 

of these is self-evident, so tliat tiiev need m k- T’!' i«^'!»inng of most 
standing of the iirincijdes which underlie the v r' An under- 

of names. hd^mnSls^^^^^^^ 
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an exncliite composed chiefly of scrum. Pleurisy with effusion is an ex- 
ample. In fibrinous inflammation the chief clement is fibrin. It is seen in 
dry pleurisy, in diphtheria, and in pneumonia. Purulent inflammation is 
suppuration. Catarrhal inflammation is a mild inflammation of a muc-ous 
membrane; the mucous cells pour out mucus ^\ith which are mingled 
desquamated epithelial cells and a certain number of leucocytes, but the 
process stops short of suppuration. A cold in the head is an example. 
Membranous or dii>hthcril\c inflammation is a condition where the cells of 
a mucous surface are killed, an exudate is laid down on the surface, and the 
whole necrotic layer is hound by fibrin to the underlying tissue to form a 
“false membrane.” 

Allergic Inflxmmation’.— \Mien an animal or person is sensitized to 
bacteria by previous inoculation (t. e.,.is in a state of allergy), a subsequent 
injection of the same organisms A\ill cause a violent local reaction with 
inflammatory changes 'nhich are*much more extreme than in the normal 
animal. Tin's conditioj] may be callwl allergic inflammation. Its two main 
features are: (1) the large amount of exudate and the tendency to necrosis 
and destruction of tissue, owing to the union of antigen and antibody 
within the cells; (2) the increased phagocytic power of the leucocytes and 
macrophages, as a result of vhich the infection is more readily overcome. 
In the chapter on Infection and Resistance we shall have occasion to ob- 
serve that only the first of these features is a manifestation of allergy, the 
second being dependent on the acquired immunity which accompanies the 
allergic state. If the condition is of benefit to the animal it is on account 
of the second, not the first, of tliese features 

Influence of Cortisone on the Cells of Infl.\mm.mion -Far- 
reaching effects upon the dynamics of inflammation lia\^Lbecn-ascribed to 
secretions of the adrenal cortex (Dougherty and Schneebcli, Rcbuckand his 
associates). These cfTccts arc produced botli by cortisone and ACT H, .and 
linyc lieen observed in the experimental animal and in man. The cortisone 
may be used topically as well as parmtcrally. In the human subject the 
technic of skin windo^^s has been used effectively (Rebuck ct al). This 
consists of scraping tlie epidermis over a small area, the application of an 
antigen (egg ^hite, diphtlierla toxoid, old tuberculin, etc.) to the denuded 
surface, and overlaying the lesion with a small covcr-slij). The exudative 
colls migrate to the undersurface of the cover-slip within thirty minutes. 
The cover-slip is removed, stained, and replaced by others as often as is 
dcsirwl. 

The most .striking c hanges wncerp the lyinphoc^-tes Th ere _ is_ marked 
deplctipu -of. these cells a"t the pen'^'vihen'they shouIH’appear (eight to 
tvcivc liours), and later of the macrophages into which the lympliocjles 
develop. These results seem to be brought about by injury to the Ijonpho- 

ihocj-tes in the circu- 
Phagocj-tic activity 
' PPbj^PIPhQnticIears 
t-flf. depletion, of the 

... . . known results of the 

adnumstration of cortisone and ACTH are inhihitinn of the prn^vth o f 
g ranulntion_tissuc_nnd deuletion QLpo^innphils_in_fhmp in 
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tliese cells form part of the inflammator.Y .exudate. The antisprcadmg 
effect of cortisone due todnliibition pf,.tbe spreading factor, hyaluronidase, 
may also have to be considered. 

The basic disturbances are damage to tbe^prga^mircc.s,,ot lymplio.cytes. 
inhibition of phagocytosis, decrease of the margination and migration o 
leucoc^ffes in ’the"' ves^sfilCpossible interference with tran.sport of the white 
blood cells, and local inhibition of the defense mechanism. _ _ 

Most of the changes de.scribed above are likely to be deleterious in cncct, 
especially if the exciting agent is virulent and capable of reproduction. 
Both the morbidity and mortality ai‘e increased in many experimental in- 
fections induced by bacteria (pneumococci, staphylococci, streptococci, 
tubercle bacilli) and by viruses (poliomyelitis, vaccinia, influenza). The 
incidence of spontaneous infections is increased and there is recrudescence 
of chronic and latent infections. If, on the other hand, the antigen is not 
virulent nor capable of reproduction, the toning down or inhibition of the 
normal inflammatory response might protect such delicate structures as 
arterioles, glomeruli and the eye. The remarkable effect of cortisone on 
the lesions of chronic arthritis are well known and a similar beneficial 
result may be obtained with the vascular lesions of periarteritis nodosa 
(Baggenstoss). 


Chronic Inflammation.— Mhen an irritant of low-grade intensity acts 
upon the tissues the result is said to be chronic inflammation, because it 
does not run the rapid acute course characteristic of acute inflammation. 
'Fhe tissue reaction is quite different from that of the acute form. It is 
often said to be productive in character, but the cells which collect in 
response to the irritation either come from the blood streain (lymphocytes, 
ete.y or are dcri\'ed from th ose wa ttderiug tissue cells whicir go' by the 
alternati\e iiame.s of histiocytes, mononuclears and macrophages. The 
only cells which jirolifernte are tlie fibroblasts. 

The iufa‘iU)US...granuUm(tfi im'm a special group. The most important 
membcTj^f tlie group is tuberculosis, Init if also includes syphilis, leprosy, 
and the ihy'cdses wliicli' are caused by fungus infection. In its original 
sense a granuloma was a mass made up oi granulation tissue, but it has come 
to. signify an infective condition in which histiocytes are the principal cells, 

and Pjnsina cells often play an important 5)art. 
le histiocytes may become swollen, often containing lipoid material in 
tuberculosis; such swollen cells are referred to ns cpiihcJioid cclh. These 
may b,se together to form the yumUrlb which are characteristic not onlv 
ot all the chrome granulomata. but also of the inflammatory reaction pro- 
duced by a foreign body. The accumulation of cells may be so great that 
le lcM()u may iorm a tumor-hke swelling; this is the reason for the mis- 
leading term jiroductive inflammation. 

In an organ such as the liver or kidney an intense irritant producing 

acme mllammation will destrov both the hi"hlv soeei-di'/od i ' 

ceils nul ihe innr.. ‘i ‘ pm-enchyiuatous 

n, I f \ n but only stimulate the fibrous tissue to 

I oh uau* (fdaoxis), just as a degree of cold wliich will kill a race horse 

m.,, ,a„ hor*. ,I„U„ McCr:,,-. the pool pitlu.logist 
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who wTotc "In Flanders Fields,” compares the parenchjTnatous cell to 
the professional man in <a community, specially trained, not prone to he 
physically hard, nor overgiven to reproduction. The supporting cell is 
its laboring-class brother, physically strong, not readily injured, but ready 
in reproduction. 

A chronic inflammatory-lcsion.is. cellular butFccoincs jnorc and 

nu^c fibrous as the irritation subsides and collagen is laid down. It follows 
the usual course of healing. But it is obvious from the nature of the process 
that the resulting fibrosis is likely to be much more marked than in acute 
inflammation. Newly-formed fibrous tissue invariably contracts ns it 
becomes older, so that the affected organ will be shrunken ns well ns hard. 
Examples of these changes arc healed tuborculUsis of the jung and cirrhosis 
of the liver. 

One word regarding nomenclature. /Wiealedjnflammatoryjesion is.not^ 
nn.e.xainplc of chronic-inflammafion. It is not an “iti’s,” so that when the 
surgeon finds a firm and shrunken appendix it does not.follow-that the 

patient is s 

chronically 

examinatioi , . , , 

up because of a loosC'liabit,-Hll -too common, of speaking ofjchmnic np- 
pendicitis, chronic myocarditis, or chronic pleurisy when the speaker really 
menus u fibrosed appendix, myocardium, or pleura. 
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REPAIIJ 

The repair nf injured tissue is as fundamental a process as inflainination. 

It is seen throiij»liout the animal and vegetable kingdom. The l<n\er in 
the scale the animal, the more complete is the regeneration. When the head 
of the earthworm is severed, a new one is formed, and this process can he 
repeated many times. The process of repair is so commonplace that we 
seldom pause to enquire \\hat induces cells which have remained dormant 
for years suddenly to take on active growth. When looked at closely tins 
is seen to he a remarknhle phenomenon. Incise the most quiescent of fibrous 
tissue, and in twenty-four hours the connective-tissue cells have developed 
from mere nuclei into actively dividing fibroblasts. WJiat is the cntiso of 
this sudden transformation ? What is the m mctUcatrix iwturar, tlie healing 
power of Nature? 

It seems likely tlmt tlie cells proliferate iKJcause they arc stimulated. 

The stimulus is almost ccrtainlv chemical in nature. I'liis thcmical suIh 
stance appears to bo liberated by the degciicniting cells Carrel has shown 
that if in an aseptic woutid all debris and blood clots arc removed and the 
wound is comp!otcl^ protected from outside irritation no healing will 
occur. Kveii at the end of thn^c weeks no cliange has oecurri'd. Hut 
when the wound was co\ered with a slightly iirit.iting dressing such as 
dry gauze or a weak turpentine dressing or wjicn a few staphylococci were 
introduced, cicatrization commenced in les.s jS-/’n*two d.ays. 

The power of true repair, that is to say of r<^Ha«’jucuLi‘.f_flc 5 krnywl.tlssuo 
by the same type of tissue, vane.s with <lifrcrcnt organs Some cells ha\e 
dcvelop.cjl to a stage at which it is impossible for thein.to proliferate, r. (f., 
n eryc^ IIs. When such ct'lis arc destroyed by injurj.or infection, as in 
iiifantiic.paralysis, it is iinpoNsible for them to lie replaced by ncighlioring 
cells; “the moving finger writes, and. having writ, mows on ” I.iver cells 
have remarkahlo power of regeneration So has surface epithelium. Con- 
nective tissue is tlie best example of perfect rt^ncration 

It is difiieiilt to draw aJjard-andfast liuabctween rcpair.aud.infiiunTna- 
tion. Both represent the reaction of the tissues to an irritant. Bepair 
Uauallydollows.innamuiation, and is usually preceded by it. but not alwa>s 
so. An irritant_pf some iiitciidtj produces inflammation and death of. the 
tissues At a distanw the attion is weaken^, and the iriitJiUt.htT'uncs a 
stimulant, so that the ihsilC-najEUiSCLJiow-is-proUferatioiu. In tliis-way 
reparati' 0. proecs^og.nnti' go. on .at the same time ns inflammation 

The most interesting mt>derii oliscia at^on^ oii U“pa1r lire 'th ose of Cl .irk 
amLl'h-nssociates. B\ inserting a douWoiwnUcd jr.:ut‘'Parfiit_chanil.)C^ 
constructed of celluloid in a rabbit’s car they have l>een able to watch . 

/ 
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under the mieroscopc the injured tissues recovering from the Mow and 
setting themselves to reconstruct tlic part, d'hey have even taken mo\-nip:- 
picture microidiotoEiraphs of the process. By tliis means new vessels can 
he seen did'erentiatins and heginnin.c: to contract and dilap'. ( sing in- 
travital injections of metliylone blue they could demonstrate the develoi)- 
m'eut of uon-mcdullated ner\-c fibers going to the arteries; only when the 
vessels were supidied with nerves were they caj^able of contraction. The 
ingrowth of ca])illarics is followed by a remodelling of the indilMrent i)le_xus 
of vessels into an adult pattern, and a change into definite arteries and v(‘ins. 
The same is true of lymphatics, which also grow h\ sproutmg,_and apiiear 
later than the blood vessels. Even the dill'ercnt stages of mitosis \yere seen 
and ])hotographed. After injury associated with edema definite holes 
could be seen in the lymphatics which remained open for several days, 
allowing free passage of fluid and red blood cells into the injured lym])hatics. 
This passage was not observed when the car was splinted, thus demonstrat- 
ing tile importance of immobilization in the treatment of localized in- 
juries and infections in order to prevent the entrance of bacteria into the 
lym]:)haties. 

(hie^of tlie,iPQst,important^clements concerned with repair is connective 
tissue, i'his is particularly true of repair of wounds. The formation of 
collagen satisfactory in quantity and quality is dependent on an adequate 
supply of, vitamin, C. In the early stage of wound licaling acid imicopoly- 
sat'cliarido thyahironie acid) are produced. In the absence of vitamin 
{' .ihis , substance, is lackingTnit it- reappears on injection of the vitamin. 
( Penney and Balfour). Scurvy which is due to lack of vitamin C, is char- 
actgr.ii'-ed..l>y -atrophy, of connectivc-rtissue fibers, and under scorbutic 
conditions lilirolilasts jn'oduce little collagen, and what is produced is of 
pour. quality. It is e\ i<lent, therefore, that an adequate supply of vitamin 
t' is necessary lor good healing. It has beeit shown clinically that when 
the t itamin supply is iusudicient the healing of wanmds is delayed and they 
tend to break oi)eu again (Cvandon. Lmul and l>ill). 

tVa/i.voHc interleres.with the process of repair in the ex])erimental attimal. 
as well as inhibiting the vascular aud exudative changes of iuflanimation, 
1 here is an almost eoinjtlete lack of fibroblastic aud vascular proliferation, 
migration of liistioes tes, foreign body giant cell formation, and develop- 
ment, .of adhesions. Some workers find that these olVects are only observed 
alter a lag ot a thiy or two (Lattes <7 (d,). It seems ]n'obable that the 
cortisone interferes with ehemieal ehauges in the mneo]mlysaccliarides of 
the gromul suhstauee of comiectiye tissue, ehauges wlneh are mitiated.by 
release ot agents as the result of injury ami are iudieated by metachromasia 
(|t the ground snbstanee. Other steroid, hormones also inlluenee repair. 
11ms (lesnxycorueosterone stimulates the proliferation of fibroblasts and 
emsairages the iurnuUion of eollagen in the wall of a chemieally-prodnced 
a iMc.'N whilst testosterone ami estradiol have the opposite eil'oet (Taiiben- 
'H''' 1-™-- .»»y „« I,v ihuMti, ; , 

puuuary. .uuiiiui 

Th.. oOmatums „ „.av „ot he of 

....partauee ,.atl.«l„;,v. The d„ae of eertiaene „ae.l ...hIk. 
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is verj* much greater than the human dose. Surgical evideuccJn man 
suggests that a wound in a person on cortisone therapy sJjould-hcal neJ). 
On the other hand there seems to be a teijslcncjliQL.pccf()rjUioii„pf,a gastric 
illcer, and for iuteifor-ence— with— reparative— fibrnsis-4n .-pulmonary 
tuberculosis. 

Repair is a wide process. It is seen in tlie healing of wounds. E.xactJy 
the same changes are observed in organization of an inflammatory exudate 
or a blood clot. The regeneration or replacement of any destroyed or de- 
generated tissue is another example of the same process. All of these must 
now he considered in greater detail. 

Repair in a Wound —The process of li£alii 4 uis.iuiidamcntally..the,same 
i^all ^wounds,. huL-there. are marked quantitative jlifi’ereucc.s^^QPjCnding 
on,tlie.amount-of tissuc-dcstruetion aJid,to a certain, e.^tent on the presence 
of,,?epsis. It is convenient to con- * 

hitler two very different types of 
wound. 

IIe.\ling of a Clean Incised 
Wot^ND.— This form of repair is 
still known b y the old clinical 
U{UPr-J^/.i!luuUlng„biLfirst inten- 
tion.'* A much hotter term is 
“primary jjniqn,” the cut-..sur- 
fatTsl^ig, hrpuglit . togctlicc-hy 
s.^TTclies, so that the pro^yi^-Js 
direct, jivitluui intermediary.^uh- 
stant^jdayiug a, part. There is 
no {rppreeia!)Ie loss of sul)sta ncc. 
bleeding is- ni.n. minimum, infcc- 
tioiLl‘^jdlscnt,.and if.tlicedgc.s arc 
hrgu gltt into. apposition there is 
liardkv uiny^cxudate between, the 
surfaces. The knife. acts as an 
irHtant..-SO that the edges will 
show sligh t infl nrnmatoryj?lmngcs 
in tlic shape of vascnjar/Iilatndon 
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.AJtliongh the wound is stcictiy 


Fic -19 — Prolifcratmc fibroblasts, one of 
nhicii «hov\’» a mitotic fipurv X SW). 


_aiHl St apli.Uococc us alhus 
already st'cn that tlilsTtmTlh 


. • . * tthey arixjjndcrtheinilucnco 

■ . .. . ■ ■ ' • :.tively, the connective-tissue 

. .'t'. ■ I '>ot)i. mlt ptic fig ures^mavJjc 

■ , ■ ■ • • ' Thc.conncctiYQ-tissuc ccliuir 

Ul)EQC.vto-oi uuuiL uuruuh.UhhUc.ia hiiiL. M*u»c.tlian a narrow nucleus sur- 
ntundctl by a thin layer of cytoplasm and wcdgwl between dcnsc.hundles 
of m1);ig<^ii fibers, hut it rapidly jchangcs into a plump fusiform celLw 
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large inicleiis aiid well-develo.pecl cytoplasm which may end in l)ranching 
pr.fes'iBsr'The sudden change from coipplcte quiescence to extreme 

activity denotes the action of a powerful stimulant. , , , , 

The mode of growth of the fibroblastsjaiay.best be.sludied by the method 
of tissue culture.. The colonics of. fibroblasts iii.culture medium tend to 
gro^iioward- one another, as if the cells ol one attracted the cells ot the 
other. The coagulated pla sm a bet weciiTh£..c.dgcs..o.f the, .wound .pla>'s the 
part of a medium into which the fibroblasts grow and establish connection 

witFJlmse' on'the other^^adcTXaf^^ 

hkst£mh 1 ssue'cuiturc bjynieans of the cinematograph. The ceils ^\dien 
photographed and projected on a screen can be seen to move through tlic 



Fig. 50. — Fibrobla.?ts separated by scanty collagen. X 275. 


medium in straight lines. The anterior process streams through the 
medium; then the nucleus and cytoj^asmie body move forward. From 
such a picture it is easy to understand how the fibroblasts will rapidly 
unite the„opposing surfaces. In culture the fibroblasts are. seen always to 
\teep.in,touch.with.thcir fellows, thus dill'cring from the macrophages which 
wander about and live as independent units. 

The fihrnblasts. proceed to lay. down collagen fibers. (Fig. 50 .) The 
fibril , formation takes, .place at the expense of the coll bodies tmtil 
finally these are represented by a thin, draAvn-out nucleus surrounded l.iy 
a delicate layer of cytoplasm, fihe collagen fibers form wavy bund]e_s.,of 
.vear Jii'i-nc. (Fig. 51.) By this process of fibroblastic, prorfieration and 
nnmi.gijitioji, together, with the iormatiou ot fibrils , of increasing_jdcnsity 
the.twq surfaces of the wound arc firmly scwai together. tVhen the fibers 
arc Julb-..lormod they shorten, and this contraction continues for some 
moutlis, so that the scar which was at first raised becomes puckered. 

Synchronously with the fibroblastic proliferation there occurs a pro- 
hi erat ion ot vascular endothelium. Protoplasmic, buds are formed from 
t le pU'e.xistmg eudothelium, and those establish conuectious with other 
Irnds until a lirauehmg network is formed. The lmds,))CCome hollowed 
out, ami ajumeu is c.stabhshed whicli Is continuous with the lumen of the 



piCCnt-xapillaries. Marked vnscuinritv is 51. fundamental ,cliaractcristie 
of.tissuc undergoing repair, for an abundant-blood supply is needetl*for tlie- 
rapldly-growing-oells. Tlic^car-^wliich first forms is therefore red. \Micn 
rcpajr_is J'pmplete jthe stimulus to proliferate is withdrawn, a higii degree 
of vascularity^ecomes .unnecessary, and Jthc .vessels gradually dis.appe.ar, 
so tUn^tlie scar is avascujar and white. 

Pullingcr and Florey using the transparent clmmbcr in the mouse’s 
car introduced by Smith, found by direct observation that lymphatic 
capillaries proIiferate.in-tlie same manner as the blood v.esse(s. A remark- 
ably ri ch ca pillary network is est.ablished in ten to tuclvc days which cjiii 
be demonstrTitecT by injection. These new. lymphatics po doubt play an 
important part in removal of the exudate. As licaling proceeds they retro- 
gress and finally disappear. 



Fio 61.— Scar tissue Bundles of collagen fibers, bcl'Recn whicli ore flattened fibroblasts 

xm 

The epithelium from the sides grows o\cr the narrow gap. It might 
be tlio ngliLthiit .the, new epithelial cells were produced ^)y inhosis. This 
iiQt_tiie_case. The defc^js.inadc good by the migration or sliding of 
cells fromihe.cdgcm£lij£woiiiid. Mitoses .are found regularly .at some dis- 
tance from the edge. At first the c pith cUal jax'cr is^tT^.ah’d’liTuisir.in 
tyfo r, a mere Ja.iyr_or iitO-of cells, but soon. itix^mes.tJiick.nnd.wljitc. 


face and tlic edges arc firmly ^ewn togcUicr by the fourth day, and at the 
e;id-£>f three weeks there is fully fonne»l noii-\*ascular.Pcar tissue. The 

MCtlvp pmer.'^-Q f-primary-im'tnn ^a^'***- nttnllt-fiw clnys, and nOtllingJlUt 3 

tb 5 pJij]Lej>f^connecti%c tissue remains to indicate the site of the^wptind. 
If the wound irirTitatwl .tTTefc' will Ik* a moro abhndaiit i^nidatc, jnore 
fihroblasts are formed, and* the scar will lic.fbicker. If the wouiulis.badb 
infi'Cted suppuration will occur, and there will !>e no primary union. 



112 


REPAIR 


Healing of an Open Wound.— When there is loss of substance tlie 
fibroblasts are unable to sew tlie surfaces together, and the gap is filled 
from below by a mass of young^yessels and cells called granulation tissue. 
This is healing by granulation as opposed to healing by primary union. 
In time the granulation tissue becomes organized, r. c., converted into 
fibrous tissue, a process known as cicatrization. Epithelium covers the 


surface, and the gap is closed. 



Fig. 52, —Granulation ti?sue. Youu!; 
vascular connective tissue cousistiu" of 
new capillaries and iibrobla.sts, to^etlier 
with many inllaimnatory celts. X 3.50. 


The gap is first filled with a 
mixture of coaguhitcd blood, 
fibrin, ttncl infiammatory c.\'ud;itc, 
and upon this scaffold the fibro- 
blasts and vasculiir endothelium 
build the granulation tissue. (Fig. 
52 .) The process commences at 
the base and works to the sur- 
face, so that the youngest tissue 
is_always at the surface. It is 
on the siirface that the granu- 
lations arc formed which give the 
name to the wliole mass of young 
vascular connective tissue. When 
the surface of a clean open wound 
is examined at the end of the 
second day it is seen to be covered 
with tiny red granules, so that it 
has the appearance of a pile of 
rough \-ch'ct. This red, fincl>' 
granular surface is an indication 
of normal and healthy healing. 
Such a surface is highly vascular 
and bleeds very readily. If a dry 
gauze dressing sticks to the sur- 
face and is then torn off, the cap- 
illary loops are ruptured, and the 
liroccss of healing is materially 
interfered with. 

In addition to the fixed cells 
of the part (fibroblasts and vas- 
cular endotiielium), wandering 


cells also torm an important 
element of granulation tissue. 

In tlie early stages these are mainly iiolymorjihonuclear leucocytes, 
which migrate from the new eapiilaries in response to the irritation' and 
appear on tlie .snrfaee in large numbers in the seanty exudate which our 
iorefathers used to caff "laudahie pus." They doubtless serve to keep tlie 
surface free from mfeetiou. In the later stages and in the deeper lavers the 
waudermg cells are mainly macrophages and lyniphoevtes. The' macro- 
phages provide an even greater protection than the po'lymorphomielears, 
for It can he shown experimentally that if an aseptic inflammation be pro- 
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(luccd and infection, be added later, tlie substances whicli call fortli macro- 
phapes in tlie aseptic inllainination give mucli l)ctter protection than those 
which call .fortli poljinorphonuclcars. Not until the leucocytes have 
overcome the infection does the epithelium begin to cover the surface, 
and true Iiealinp can be said to have coinmencoti. 

On account of its ccllularity a gnmulathig surface has a reinarLable 
power of resisting bacterial infection. It presents so powerful a. barrier 
that septicemia (blood Invasion) cannot occur once an intact wall of granu- 
lation tissue has been formed. Billroth demonstrated this experimentally 
IIS long ago as ISOo by applying septic dressings soaked in putrid pus to 
the surface of a granulating wound. Xo infection resulted ; hut if the dress- 
ings were stitched in position, the stitch holes in the healthy skin at once 
became infected. Burroiis found that vhen lirulent streptococci Merc 
injected into the freshly epilated sUn of a rabbit severe inflammation 
resulted, but that if there Mas an interval of five days hetM’een the tM-o 
procedures, no inflammation developed. Crystalline substances in solution 
are.rapidly.absorbed, probably on account of the great vascularity of the 
surface, so that death jnay-folloM' the applic.ation of a poisonous substance 
like -corrosive, sublimate, and it is said that opium will occasion sleep 
nearly as quickly as Mhcn given by month. 

The granulation tissue groM s in maturity from below upMard. In the 
superficial layers the fibroblasts run at right angles to the surface and there- 
fore parallel to the vessels, hut in the deeper parts ohthc-M ound-whcrc the 
process is older they arc arranged parallel M-ith the surface, and eventually 
all the fibroblasts and the fibers which they prwlaccjuriln tins ilircction. 
The direction depends largely on the pull Mhich is e.xerted on them. If 
this be nltere<l experimentally, the direction of the fibroblasts mIH he cor- 
respondingly clianged. 

^^^1en the M'ound is asopjic the epithelium m UI groM- in from the edge in 
tMO or three days, first as a delicate blue pellicle, grtadually becoming 
thick and opaque. To say that the mouiuI is aseptic does not mean of 
course that It is hactcriolngically sterile. If there is sepsis and active 
inflammation the surface is batlicil in pus. and the epithelium shoMs no 
sign of activity. In a chronic ulcer, Mhere for some re.iwni healing is long 
delayed, the cpitliclium sends long processes doMn into the deeper lissuc.s. 
liicse may appear to he dctachw! from the surface in a microscopic section, 
and may be very suggestii'c of enreinoma. In some cases a malignant 
groMth may actually commence in such a chronic ulcer. 

^^^len the surface is covered by epithelium the process of dcvasculariza- 
tion begins. The ucm' vessels licing no longer nt'eded gradually ilisapjicar. 
und the sc*ar Mhich is first red and nngry-looking becomes Mhite and 
bloodless. 

Healing of a Mound may be intcrfcrctl M-ith by a number of factors, one 
of the most Important of Mhich is protein deficient^. It M-ould appear 
that a food factor of special importance is the amino acid methionine 
(Perez-Tamayo and Ihncn). Wien animals M-jUi experimental M-ounds arc 
kept-on a.protcin-free diet for a short time, only a narroM- mne of reaction 
davelops,-the uom* capillaries and fibroblasts are feM- in number, and tlicre 
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is a marked delay in the formation of libera. The result is a^ n-cidv scar 
with decreased tensile strength, \yhcn, however, methionine, is added to 
the diet normal connective tissue of normal tensile strength is formed. As 
regards wound healing protein deficiency seems to mean thiamine deficiency. 
This amino acid increases the rate of utilization of the jjrotein available, 
and its sulphur radicle may also be used for the formation of ehondroitln 
sulphate which imparts firmness to the ground substance. 

Healing of an Abscess.— All repair is fundamentally the same, whether 
in an open wound or in an abscess in, the center of the kidney. 11 the inlec- 
tion is destroyed, attempts at repair liegin. These are much more succcsstul 
if the pus can discharge on to a surface, as into the jielvis of the kidney. 
If the cavity is small it becomes filled up first with granulation tissue, 
then with scar tissue. If the cavity is large it cannot be filled in, but a 
fibrous wall is built around it. Healing after ap])endicitis takes the same 
course, first granulation tissue, then sear tissue. 



Fig. 53.— Regeneration of muscle showing syncytial masses of sarcolemma. X 300. 


Organization of an Exudate on a Serous Membrane.— ^Yhen a serous 
membrane such as the iieritouemn is inflamed the endothelial covei-ing 
is destroyed, and an exudate is formed on the surface consisting mainly 
of fibrin. This is invaded by fibroblasts and new capillaries, so that the 
exudate is replaced by granulation tissue, which in turn is fibrosed. The 
surface endothelium may again cover the fibrous patch, restoring the 
integrity of the membrane. Or two fibrinous surfaces, c. (/., two inflamed 
loojis of bowel, may coalesce and become adherent. The fibrinous adhesions 
become fibrous, and although the sides of the adhesions are clothed with 
ciidothelium the integrity of the surface cannot be restored, and the ad- 
hesions are permanent. Ihe fibrous bands contract, and may cause 
kinking and obstruction of the bowel. 

Organization of a Thrombus.— A blood clot or thrombus in a vessel 
undergoes the same changes as an inflammatory exudate. It is invaded 
froin tile side of the vessel by fibroblasts and endothelial buds. New 
capillaries are iormed, and a vascular connective tissue gradually takes the 
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place of the clot. As cicatrization occurs the fibrous mass may shrink 
from tlie \c&s<‘l \\all, so that a space is formed wliich becomes lined by the 
endothelium of tlie vessel. In this way a certain flow of blood may be 
rei^tablishcd thrnnph the vessel. Occasionally new channels arc opened 
tl»ro\)j’h the clot; these become lined with endothelium, and the clot is 
said to he canalized. 

A brief snminary of the licalinp process in different tissues is all tliat 
necxl be given here. Greater det.'ul will be found in the chapters <ie\otcd to 
the indi\idual organs. 

ICpitliclivm as it oeeurs in the skin is repaired rapidly and completely. 
The more specialized epithelial skin structnres sucli as hair follicles arc 
not replaced. CouuFclirc tiWnc is completely replaced, as fibroblasts are 
the cells of connective tissue. Elastic tissue is replaced \ery slowly, hut 



Tio. 51.— Necrotic mu«clc fi!»on Iwinp remo%'<sl hy piant cclU nml rcplacetl by fibrou.-* 
X ISO 


fairly eomjiletely Fat de.stroye<l in n wound is usuall\ not reformetl, hut 
if the fat cells are onl\ partiall,\ ilestroyed new celK smaller in size and 
t'ontaining fine droplets may he fonned w itliin them, (’arlihfic is so avascu- 
lar that healing is verj slow and imjHTfcct. If the damage is at all exten- 
si\e, the replacement is by sc-ar tissue New cartilage can be fnrmetl from 
the ct'lls of the perichondrium, and small gaps may be filled in this way. 
Healing in muscle depends on the kind of muscle. Plain muscle and heart 
muscle fibers do not regenerate; union of the di\ kUxl parts is by scar tissue. 
Striatctl musclo has greater reparative power. The e.xtrnt of regeneration 
depends on the type of injury. In an iiici'<xl wound with no loss of sul>- 
stnncx‘ the mielci of the sarcolemma proliferate and form nndtinuclcated 
syncytia! masses (Fig. .">31 while the sarcous substance puts out bands 
which bridge the gap and eventually liecome strwtcxl. On the other hand 
when the muscle fibers h.ave been ilcstroxnl the debris is rcmovfxl b\ 
mononuclear phagoc^ics, which may form giant cells, and the gap is closed 
by fibrous tis-sne. (Fig. 5-1.) Tnulon is very nxascnlar so that healing is 
very slow, but it is remarkably complete, though it may take n' long as 
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place of the clot. As cicatrization occurs the fibrous mass may slu 
from the vcssc'l ^\all. so that a space is formed \vhic]\ becomes Uticd by 
emlotbelium of the vessel. In this way a certain flow of blood may 
rc^ktablidied through the vcs'<*l. Occasionally new channels are opc 
through the clot; these lK*come UimhI with cntlothelimn, and the do 
said to l>c cannlmtl. 

A brief simnuary of the healing proci'ss in din'creiit tissues is nil t 
uccf] Ix' gii cn here. Ore-atcr tletnil will Ixr found in tl)c chapters dcvotcj 
the indivhlual orgJHis. 

iCpilMifim as it occurs in the skin is repaired rnpidiy and complct 
Tlie more siK'cializeil epithelial sUn structures such as liair follicles 
not rei)latr<l. Cvuvcr-ittc (muc is winplctcly replaced, ns fibroblasts 
the cflls of ctmnmivc tissue. I-'lnsiic iissur is replaced very sloA\ly, 



fairly conipletcl.v. Fat destroyed in a wound is usually not reformed, 
if the fat cells are only p.irtiull\ destroycxl ui“\\ cells smaller in size 
containing fine droplets may lie forimti within them <"«rft7nj:;c is so av.a; 
lar that healing is vm slow and imperfect. If the damage is at all ev 
Mve, the n’placeincnt is h> sear tissue. New cartilage can be formed fi 
the cells of the perichondrium, and small gaps may be fillwl in this v 
Healing in tutf.trfc depends on the kind of muscle. Plain muscle and hi 
mu'.cle fibers do not regenerate; union of the di\ idwl parts is by scar tis; 
.^trjati‘<f muscle has greater reparative power. Tljc extent of rcgencr.al 
tlejicnds on the type of injury In an incised wound with no loss of s 
staiuv the nuclei of the sarcolemma pmlifcratc and form multinucle: 
sync.'tial mas^^ (Fig. .N^) while the sjircous substance puts out ba 
which bridge the gap and cventimllv hccome striated. On the other h 
when the muscle filim have liecn destroyed the debris is removc<l 
monntiuclc.ar pltagucj-tcs, winch may form giant cells, and the gap is clc 
hy filiroiis tis.'iue, (tig. 54.) Tendon is very avascular so that healin 
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of nn epitliclial tumor to the surrounding stroma is nUo another matter, yet 
related to the concept of field of influence. 

A century and a half ago Virclmw introduced us to the concept of cellular 
pathology, which marked the birth of modem pathology. Today we arc 
beginning to realize that the ground substance with its mucopolysaccharides 
is the foster parent of the cellular parenchyma, determining the state of 
health or disease of the cells to a degree that no parent can ever attain. 
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two months. If the gap is small it is filled completely by tendon cells; jf 
large, scar tissue has to be used. Sepsis is fatal to healing, because ucciosis 
occurs so readily in the non-vascular tendon. Injury of a sv.rovs mnvihraiie 
is repaired by fibrous tissue which becomes covered by the endothelium 
of the membrane. A fibrinous exudate is formed on the surface at the site 
of injury, and the two surfaces tend to be united by adhesions which are 
at first fibrinous but soon become converted into fibrous tissue. A vnicov.'t 
viemhrane is repaired quickly and well. The surface epithelium is com- 
pletely replaced, and simple tubular glands can be reformed from this 
epithelium, but complete restoration of such glands as those of the stomach 
only occurs when portions of the glands have escaped destruction. ^Younds 
of the liver are repaired by scar tissue. The liver cells have great power of 
regeneration, and this is seen in the necroses of the li\’er such as acute 
yellow atrophy and cirrhosis where the lesion is primarily one of the ei)ithel- 
ial cells rather than in wounds and abscesses. In the kidney there is no 
regeneration of glomeruli or tubules already destroyed, so that repair is 
confined to the formation of scar tissue. The ccnfral uernms sysicin has 
no power of true regeneration. When a neurone is killed it is not replaced. 
A wound of the brain is filled by neuroglia which proliferates readily, 
and to a small extent by the connective tissue which accomi)anies the 
blood vessels. The peripheral nerves, on the other hand, have remarkable 
powers of regeneration, a process which will be considered in detail in the 
chapter on The Nervous System. 

Response io Injury in Different T’lsswcs.— When some organs, such as 
liver and pancreas, are injured by brief freezing the necrotic tissue is re- 
moved quickly and completely and replaced by reparative tissue. With 
other tissues, such as testis and kidney, the process is very much slower 
(Cameron and Ylehrotra). In the liver polymorphonuclear infiltration is 
marked in twelve hours, a wide layer of granulation tissue is formed in 


two days, and there is courplete replacement by sear in five days. In the 
testis, on the other hand, although necrosis is complete in twelve hours, 
polymorphonuclears are few in number, there is little change during the 
next few days, and only a small amount of granulation tiss\ie is formed by 
the end oi fi\e <lays. iius variation in tissue response may be referred 
eithei to the injuied celts or to the cell cnilroumeiit. If the necrotic piece 
of liver is inserted in the omentum or testis, replacement by fibrous tissue 
is not _com])lete imtil the end of 2S days, and when the piece of frozen 
testis IS inserted in the liver the time of replacement is the same as in the 
te.-’tis itseli. 1 hese expeiiments indicate that a change in environment 
])rolongs the inflammatory and reparative reaction in the case of the one 
tissue !)ut not of the other, so that the cells throughout the body should 
be thought ot^ iii terms of their immediate environment as well as their 
own charactenstics. Cameron and 'Mehrotra .suggest that for this dual and 
reciprocal relationship the term “field” is suitable. The result of cellular 
injury may \’ary with the environment, which is itself affected bv the 
products of cell nijury. This also suggests the question of the reaction to 
various kinds of injury in diseased tissues as opposed to the response in 
normal tissues, quite a different state of affairs. The relation of the cells 
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Chapter 

6 

INFECTION AND RESISTANC'E 


Infection signifies invasion of the tissncs by pathogenic microorganisms 
or animal parasites, and the results both local and geiiei-al which follow 
upon that invasion. These results vary enormousl.N'. They may remain 
strictly local, as in a skin abscess or boil due to staphylococci, or they may 
be general, as in blood invasion by streptococci. There may be an acute 
inflammation produced by the pyogenic cocci, or a slow proliferative change, 
as in tuberculosis or syphilis, or the microorganisms ma>- remain at the 
site of invasion but exert a toxic action on a distinct organ such as the spinal 
cord (as in tetanus). The same infection may produce very difi’erent effects 
in different persons. These variations depend t)n two great factors, the 
virulence of the microorganisms and the resistance of the patient. The 
subject may conveniently be divided into two sections, infection and 
immunity. 

Localization of Infection.— Once infection has occurred, its localization 
depends on a number of factors. When the organisms Inn-e entered the 
body, as through a wound in the skin, they may be held more or loss in 
siiit or they may drift through the tissues with amazing rapidity. It is 
evident that the consequences to the patient will be entirel.\' clilferent 
in the two cases. Local fixation is seen in a striking form in an animal 
which has been actively immunized, and of eourse oven more so in an 
animal which is naturally immune. When tubercle bacilli are injected 
into the skin of a normal animal they s])rea(l tVoin the site of inoculation 
in the eourse of an hour, so that excision of the area after that time fails to 
save the animal, and when jilaeed in the ])e]-itoneal ea^•ity they arc found 
in the regional lymph nodes in the eourse of five minutes. If' the animal 
has ])rcviously been immunized, the bacilli remain, for a time at least, at 
the site of inoculation. 


Menkin is of the o])iiuon that the local fixation is due to the formation 
of a fibrinous network both in the lymphatics and the tissues, although 
many lymphatics still remain open so that the lymph (low from the part 
may lie accelerated, as Frinker has demonstrated. The network of filirin 
is abundant in stajjliyloeoeeal infection, scanty or absent in streptococcal 
infection, thus accounting for the localized character of the former and 
the spreading character of the latter. 


ilie heautitul experiments of Rich are of particular interest in this con- 
nection. \Norkiiig with the pneumoeoccus, an organism which rapidly 
spreads through tlie tissues of tlie rabbit and kills it in from twenty-four 
to thirty-six hours, he compared the local lesions produced bv inooiilation 
of normal animals and of animals which had been rendered' immune but 
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not allcrpic to tlie pnemnococcus. In tlie normal animal the organisms at 
once began to drift through the tissues as-e:»ch one tliAulcd into two and 
the pair separated, vliilc in the immunized animal they rapidly clmnptd 
together and remained in fUu, as if glued to the part. (Fig. Tio.) 'ilie 
jjrotess is one of agghitinaticm, an inerea'seof stickiness, as a result of Inch 
the bacteria adhere to one anotlier and to the tissues ^^ith vhich they 
come in contact. I^irge clumps ueri' fomiwl in the course of thirty minutes, 
hut at that time there was no inflammator3’ exudate, no fibrin formation. 



Fig 65 —A, Site of infection in non-immune rabbit four Iioura after mierlion of 
piieunnx'occt, cocci dnftins tlimu;:h the ti--*-uc P. the ^ame in an immune rabbit four 
iiour^ after injection, the proliferatins cocci arc clumped topeiher (Ilich, Bull John* 
Hopkin* Ilofpital ) 


So far wc have di'Ciis^otl the mechanism b\ nhieh hneteri.! which gain 
entrance to the tissues tire held lor.illj and prevcntetl from setting up a 
general hlood infection. Now we ma\ turn to the coin erse of this question. 
Wlicn organisms are circulating in the hlood their loc-allzation in the ti^sUl‘s 
depends largely on the jiernieiibiHtj of the <-apiIIarles, wbiili in turn is 
goverm'd by such a factor as trauma, causing the lilieration of histamine 
and resulting locti! capillary pandysis with iiiereasetl penneahility. Wlicn 
trj'pan blue is injected intraperitonealh in rats, luul the animals arc then 
struck on the bead rcpt'atcdly, the d\c is found to Ik‘ localized in the 
lirain (MackHn). Wien the dje is injected intravenousl.N and a Iiot-wntcr 
bag is applied to the alHlomen. the d\e will stain not onl\ the alKlomina! 
wall hut aWi thesuhjacent coils of liowel As the result of a similar in(*ch.an- 
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ism, bacteria circulating in the blood will tend to become localized at the 
site of injury. Should hemorrhage have occurred, the bacteria will leave 
the blood stream still more readily. A common clinical example is the 
relation of trauma to acute osteomyelitis. ^ 

The question of localization of infection does not depend, however, 
entirely on the tissues and fluids of the body. The bacteria themselves 
have something to say on the matter of invasi^'eness. Duran-Rcynals 
has shown that invasive strains of staphylococci and streptococci contain 
a soluble factor which can be extracted, and which markedh’ increases 
tissue permeability and enhances the infections produced by these organ- 
isms as Avell as by other baetei'ia. This is known as the Duran-Rcynals or 
spreading phenomenon. Non-invasive strains of the same species of staphy- 
lococci and streptococci do not contain this factor. A similar spreading 
factor is contained in large amounts in the normal testicle. The factor 
has been shown by Chain and Duthie to be hyaluronidase, an enzyme 
which acts on hyaluronic acid, the mucopolysaccharide which forms the 
ground substance of mesenchymal tissue. 

Results of Infection.— Bacterial invasion usually produces a local lesion 
at the site of entry, but there may be no indication of a lesion to the naked 
eye. Tubercle bacilli when placed in the eye may cause enlargement of the 
cervical lymph nodes with no disturbance in the eye. The same bacilli 
may pass through the wall of the bowel and infect the mesenteric lymjfli 
nodes. An unrecognizable lesion of the finger may give rise to fatal strepto- 
coccal blood poisoning. Even in these instances, however, microscopic 
examination will show some change in the tissue. 

The common result of infection is local injlammaiion. This may be 
acute, as in the case of the pyogenic bacteria, or the reaction may be 
chronic in type, as in tuberculosis and syphilis. The microorganisms may 
be killed by the inflammatory leucocytes, so that the infection ceases there 
and then. Sometimes the infection becomes quiescent but docs not die 
out, and may at any time re-awaken into acti\ ity ; a chronic abscess of bone 
or a quiescent tuberculous lesion in the lung is a sleeping volcano of this 
kind. 

Instead of remaining localized and giving rise to an abscess, the infection 
may spread. Streptococcal infections show a marked tendency to extend, 
and the most virulent strains may spread at an appalling speed. The 
power of spread is largely dependent on the production of hyaluronidase, 
the s])reading factor enz\-me which depolymerizes hyaluronic' acid. I’Sflicn 
this natural barrier is broken down, a spreading cellulitis is the result. An 
even more rapid spread may occur along the lymphatics, and lymph nodes 
at a distance may be infected in a few hours. The microorganisms mav 
be arrested and destroyed in the lymph nodes; they may cause suppuration 
and breaking-down of the nodes, or they may pass through the nodes and 
enter the blood stream. 1 he infection then becomes a general blood infection. 

Si'ji’nci'.MiA -AXi) I3.\ci LKKMi.A, Scpticcinia is a eominonlv used' term, 
but it is most difficult to define. When microorganisms circulate in the 
blood stream the patient has a bacteremia. This does not necessarily mean 
that he is ill. It is probable that bacteria continually gain access to the 
blood from the mouth and through the intestinal wall,' but the life of these 
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bacteria U short. Wljcn bacteria are injected into the sulwutaneous tissue 
of an animal they can be found xrithin a few' niimitcs in tljc liver, heart, 
and lunirs, but they soon disappcjir. It is probable that in ali infections a 

. . T_ » 1 - } t . ii y- - 1 r. xlcdwitli 

• ’ . jar pneii- 
■' SepticY- 

• • • . ^ ‘ on to the 

prcseiK'e of a bacteremia, the paticjit manifests syn^ptoms \sh id) arc known 
as scptiocmia, such as high fever. chilK and petechial hemorrhages in the 
skin. Tlic prognosis at omc IxYomes much wore serious. Microorganisms 
are present in the blood in lai^e mjml>crs. Thc>’ arc readily tlemoiistrated 
by blood culture, and when the Infection is verj* hea\y they can he seen in 



blood smears, ns in sojue <■a«e^ of btreptoeocca! and tncningococe-al septicc* 
ijjia. Tlieir gn’at numlKTS in.i> 1m* due p.jrtly to mullipllcntion in 
the blodl, but mainly to a «mtmu.il pouring of bacteria Into the hloftd 
stream from some focus of infeetion flood examples are the hcavils is»- 
fected \egetationson the heart \aUes In acute cndncarxlltis. thcthrornl>o«<'<! 
oj)en Woo<f sfimst'S of the septic ptictpcraf uterus, and the ba((eria-ls<leii 
lK>nc-marrow of acute osti'omjelitis. W«cn the foeiLs is removed or c\en 
draimd, the bacteria m.iy rapidly disaj^rcar from the blood stream. 

rvF.MiA.—Pyeniia is one step further in the septiivinie proci*ss. (lumps 
of Kacteria hnlge in tlie tissues and set up secondarj' nb'TcsNes In the 
kidney, liver, inyoomlium, skin, etc. (Fig. j(5.) The condition is imial}>^ 
C5U!«e<l hy thrombi iuftYtw! with p>ogcnic Kactma breaking up and 
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discharged into the circnlation, only to he arrested when they reach the 
capillaries of the lungs, the glomeruli, etc. 

The 2:)osfinoricm apiicarcmccs in streptococcal septicemia arc im])ortant. 
Rigor mortis is slight or absent, and jmstmortem decomposition is rapid. 
The blood is fluid and dark, and docs not. coagulate. Owing to hemolysis 
of the red blood cells the lining of the heart and large vessels is stained 
red, and jaundice may have been apparent during life. The heart is dilated, 
and the myocardium and muscles are friable and flabby. The spleen is 
enlarged, soft, and friable, a condition known as acute splenic enlargement. 
The Avails of the capillaries are injured, so that there arc petechial hemor- 
rhages in such serous membranes as the pleura, pericardium, and endo- 
cardium. jNIany of these signs may be absent, so that in some cases the 
postmortem diagnosis of septicemia may present great difficulty to the 
pathologist. In pyemia in addition to the usual lesions of septicemia 
small yellow abscesses are present in the lungs, heart, kidney, and other 
organs, usually just under the surface. 

Toxejiia.— In septicemia and pyemia many organs shoAv evidence of 
the action of toxins. These changes may be equally Avell marked even Avhen 
no microorganisms haA^e entered the blood steam. Diphtheria is an ex- 
cellent example. Here the bacteria remain in the mucous meml>rane of 
the throat, but profound toxemic changes are found in the heart, liver, and 
kidneys. These changes are degeneratiA’e in character, ranging from cloudy 
SAvelling and fatty degeneration to necrosis and disintegration of the cells. 
In toxemias of long duration amyloid degeneration may develop. 

Our Present Concept of Resistance.— Although our understanding 
of these matters is but that of children, despite the use of a multitude of 
high-sounding Avords (at least so it appears to the writer), Ave can yet express 
some general ideas as to Avhy some persons resist infection or quickly 
recoA'^er from it, AA'hilc others do not. Resistance to infection depends upon 
three great factors; (1) humoral antibodies, (2) phagocytosis, and (.3) the 
immunological {i. c., chemical) behavior of certain tissue cells. The 
humoral and cellular forces Avork hand in hand, and the background of all 
the antibodies is formed by the cells of the reticulo-endothelial system. 

Of the (tniihodics the most important appear to be antitoxins, baeterio- 
lysins, and opsonins. Antitoxins do not rid the body of infection, but they 
cause-the symptoms to dear up. Bacteriolysius (iminuue bodies) do not 
act directly on the bacteria, but merely play.the part of . an amboceptor 
AvhoseJi.ands join . together the complement and the germ, to the destruction 
of. the latter. The i)atient must therefore lun-e enough of the all-important 
complement as Avell as an abundance of immune bodies if he is to recoA’er. 
Op,sonins must i)e present to seusiti7x‘ the bacteria, so tha t these, may be 
deA'oured .bjA the phagocytes. The important part Avhich the antibodies 
(opsonins and agglutinins) play in the localization of infection has already 
been considered. They scrA’c to detain the invading bacteria until the 
leucocytes can collect in sufficient numbers at the site of infection to make 
their presence felt. 

The phanvciiics are not merely the polymorphonuclear leucocytes, al- 
though these form the fir.st line of defense. Of equal importance are the 
macro])hages ol the tissues, derived in turn from the reticulo-endothelial 
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bvstora. Tile fixed celld of this sj’stcm pluy un important role in removing 
bacteria circulating in the blood. Vast mnnbers of organisms may be 
injected into the blood stream, but tliey rapidly disappear and arc found 
in the rcticulo-endothelial filters of the liver, spleen, boni'-marrow, and 
lungs. Here also the Immoral factor must not be overlooked. If a large 
dose of pneinnococci is injected into the blood stream of a rabbit (a highly 
susceptible animal), a blood culture fifteen minutes later i\ill shov enor- 
mous numbers of organisms, but if antipncumococcus scrum is injected 
into another vein at the same time the blood will be found to be sterile 
at the end of fifteen minutes, 'flie seiiMtized bacteria arc taken up partly 
by the circulating phagocytes, partly by tlie fi.xcd retieulo-eiulothclial 
cells. Tliis can be shown in the (“ase of the liver by perfusing the liver with 
pneumococci suspended m saline solution or normal serum. Xone are 
retained. AVhen a minute quantity of immune serum is added, there is 
complete retention of bacteria by the liver. These experimental observa- 
tions on the removal of bacteria from the hloo<l have been confirmed in man. 
Immediately after curettage for a septic alnirtion the blood may be loaded 
with bacteria, hut there may he none lo minutes later. 

The factor of tltsuc immnmfif is perhaps the most important, although 
tlic hardest to understand It pro\ldes the reason ^^hy some animals 
simply cannot be infected b\ iiuert)organi.Mns which arc highly pathogenic 
to animals of another species If u to.\in or a \irus has no chemical affinity 
for a coll, it cannot injure it, no matter in what quantity it may be present. 

ALLERGY 

The body tends to protect itwif against bacterial infection by certain 
processes which may he grouped under the common heading of iminunit.s . 
Hut during the deveUiiuiicnt of immuiiit.x there may appear a very dilTerent 
and indeed oppo.site tspe <if reaction. iiaincl>. liMiersensitiveness. This 
reaction is a hypersensitiseness to the baeferud prolnu, and an equally 
marked hyperst'n>itivene'''> inaj he <le\elopwl against an\ foreign protein 
(horse scrum, egg albumen) which ina\ Ik* injected The first injection 
jiroduccs noe\i(!ent eiTeet, hut a setond injection is followed b\ thedevcIojH 
ment of striking and often dramatic phenomena which ma\ be local or 
general in tlicir manifestations. 'Fhc interval between tbc two injettions 
must bo of a ciTtain duration, at least a week or ten clays, ami it may be 
noted that tins corresponds to the incubation period of many infectious 
diseases, t. r., the tunc intcr\ al between the initial infection and the de\ elojv 
incut of the tissue changes which produce the clinical plienomena of the 
di>K'ase. The condition of liyjHTX'iibitivitx is known ns allergy, which 
means altered reacti\ity. rnfortimatcly the term has iKt-ome one of the 
luo-'t abiiseil in medicine. Tlie factor i>cst raJcuJatrd to iiroiJucc it is a 
ihronie low-grade infection. 

.\v\pii\MXi'> is a form of hypersensilisTness whirli ililTcrs from and yet is re- 
Infeil toallorgs*. Inallcre\-llM»rpftrt«Miis.anectotiring,ji)nanui"l".'Ximc**i^hcre'»*' 
in aiwplulaxis it is.a.muscuIo-spajano«lic.onc. Anaphjlaxis Iia« l>een ‘=tii<lic«l for 
llip most }i3rt in the cvporimental nninuil, but it also Ins it* lemian miiitorpart 
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BACTERIAL INFECTIONS 


In this chapter will be considered some of the diseases jn-oduced by 
pathogenic microorganisms. Many of these will he described fully in the 
section on Special Pathology in connection with the organs principally 
affected (pneumonia, dysentery, etc.). In such cases the condition will 
only be mentioned here in passing. In others the lesions affect many 
organs (tuberculosis), or the infection may be general rather than localized 
(the infectious fevers). These conditions will be considered here more 
fully. No attempt is made to give bacteriological detail, as that would 
merely usurp the function of a text on bacteriology, but a few of the prin- 
cipal features of the microorganisms will be mentioned in order to recall 
them to the reader’s mind. 


STAPHYLOCOCCAL INFECTIONS 

The staphylococcus is a pyogenic organism, and its action as a pus 
producer has already been described in connection with inflammation and 
suppuration. It occurs normally on the skin, and is prone to produce 
skin infections, entering through cracks, abrasions, or even by way of the 
hair follicles. In staphylococcal lesions of deeper organs (kidney, bone) 
an active skin infection (boil) or one Avhich has recently healed can usually 
be found. In human blood there are natural agglutinins to the staphylo- 
coccus, so that when the tissues are invaded the organisms tend to adhere 
together and to the surrounding structures. For this reason, staphylo- 
c(JCcaJJcsions are more likcly-to be localized than diffuse. The cocci produce 
a coagulasej causing .marked -formation of fibrin. This further limits the 
spread by blocking paths of dissemination, as shown by the fact that when a 
dye is injected it does not spread along the lymphatics. In all of these 
respects staphylococci differ from streptococci, which ..tend to invade 
mucous. membranes, .and produce a fibrinolysis that breaks down the de- 
fense. barrier. Some strains of staphylococci, however, produce a soluble 
'.'s])reading factor” which markedly increases the ])erineability of the tissues 
(Ih iran-Key nals’ phenomenon). Under appropriate environmental condi- 
tions, of which the hydrogen-ion concentration is one of the most important, 
certain strains have the power of forming an extremely })owerful exotoxiu 
in culture. Broth filtrates are found to produce three elfects which may be 
called the henu_)lytic, the necrotizing, and the killing. Injection of a small 
amount of toxin into the skin of the animal results in marked necrosis. 
The killing power of the toxin is its most striking characteristic; an ex- 
tremely small quantity injected intravenously leads to death in a few min- 
(12G ) 
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utcs. The tragedy ntBinulaberg in Queensland, when 12outof21 children, 
injected with dipthcria toxin-antito\in mixture, died in the course of a few 
hours was due to contamination of the mixture witli a toxigcTiic strain of 
stnpliylococci. IJic toxin c:iu Ini detoxiaitcd by the caddition of formalin; 
the resulting product is called toxoid, and tliis still retains its antigenic 
property. Superficial staphylotXKfsiI infections apparently do not provide 
an adequate antigenic stimulus, for persons with repeated boils may show 
no increase of antitoxin in tlie blood. 

lioTiiyoMYcosis.— This !«! a {x?culbr form of etaphylococcal infection, common 
enough in horses, cattle and pigs, but verj* rarely observed in man. The lesions, 


as sfaphylncoecal nctinophytosjs. Granulomatous lesions with epithelial and giant 
colls may be seen in the connccti\o tis-mc (Berger). 

STREPTOCOCCAL INFECTIOKS 

Thc-strcptococcus is usually a pyogenic organism and produces lesions 
wliicli in general resemble thow? of the staphylococcus, hut they tend to he 
more diffuse and sprcjidlug jukI arc charactcrlzcrl Iw cclljilitis, lyinjihangitis 
and lyrapliadeiiitis The streptococcus unlike the stapliylococeus may 
iriwade n siirfucc u ithout producing a /oc.d lesion. A nwrv pin prick rniay 
introduce streptococci which cause a fatal septicemia. Other portals of 
entry are throat infections, tonsillitis, middle-ear inflammation, an infected 
tooth .socket, puerperal uterine sepsis, etc. Some of the most d.-mgernns 
Infections are tliosc of the han<ls of the surgeon or p.itliolngist (owing to 
the lieightoned virulence caused by pass.ige through the body of tlio pa- 
tient) and puerpern! infection (exhaustion of the patient, anemia, raw 
areas, etc.). 

Streptococcal fcccrs arc in geneml more serious than those caused by 
staplj:,\-Iococci. Kndocar<iitis, puerpend fewr, satrlct !v\vr, and erv^ipeJas 
are particular e.xamplcs, the last-named being c^onsidered below. ?trepto- 
cx)cci often ctnnplieate other infwtion?, and ina> he the cause of a fatal 
termination (influenza, etc.) Streptoi-ocval «!cptuvinia is marketl hy 
rigors, high fever, a large spleen (though this K often too s<dt to he felt), 
diarrhea, and the pre.‘*ence of nlbniniii ami ml blood cells in the urine 
There is no infectious <lisea*i’ in which anemia may develop so rapidly; 
the hemoglobin may fall to 30 or even 20 per ivnt. 

The nu'tastases differ from tho«c of staphylococcal fever, the serous 
membranes being mo-itly invohed in accordance with the diffuse nature 
of the infection. There may be suppuration of the joints, pleura, peri- 
c-.irdium, meninges, and peritoneum. Tlicrc is not much tendency to local 
abscess formation unless infected cmlioli (cndocanlitis, puerperal sepsi-,) 
are circulating in the IiIckkI. 

It has long b(>cn known tliat non-suppurative i(‘sions may follow at 
var\ ing intervals of time such hemolytic streptococcal infections as scarle|^^*v 
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from the joints is nearly always sterile. Green examined the valvular 
lesions bakeriologically in 9 cases of acute rheumatic endocarditis. In S 
of these he succeeded in culturing Strcptococmis hcmoh/ticu.'f from the valves, 
and Sircpiococcns viridans in one. No bacteria were found in the heart’s 
blood, nor were they obtained from the valves unless gross lesions were 
present. In 5 of the 9 cases the same strain of Sh'ej)iocomtf! hcmolyticm 
was cultured from the throat during life as was present in the vabmlar 
lesions. 

The great scarcity of organisms in even the most acute lesions is to be 
explained on a basis of allergy. The tissues become seusitizcd.to the bacter- 
ial protein, and it is, the antigeurantibody reaction in the tissues, in the 
ground substance in -particular,, wliich is responsible for the production of 
the lesions. In„man. the focus of infection, is probably in tlie mouth and 
naso-pharynx (teeth, tonsils, nasal, sinuses). The belief in the allergic 
basis of rheumatic fe^'er is strengthened by the observation of Itich and 
Gregory that rabbits subjected to experimental serum sickness develop 
lesions similar to those of rheumatic carditis. 

Coburn points out that the incidence of rheumatic fever parallels in a 
striking manner the incidence of hemolytic streptococci in the throat and 
also the incidence of streptococcal diseases such as scarlet fever in Avhich 
the primary infection is in the upper part of the res])iratory tract. This 
incidence is affected to a marked degree by climate. Both are common in 
cold, damp climates, but are rare in many parts of the tropics. Both arc 
common in the children of the poor, but rare in the children of the wealthy. 
A child who suffers from recurring attacks of rheumatic- fex’er and strepto- 
coccal sore throat in the slums of New York remains well when transported 
to South America. In the western part of the I’nited States rheumatic 
heart disease is about ten times commoner in school children living in 
regions near the Canadian border than in those from regions near the 
Mexican border. From these observations Coburn concludes that the 
infectious. -agent, which iniiinh’s the rheumatic process is Sircptococcii,s 
licvwlyiicvfi, but that some other factor as yet elusive is required to com- 
plete the picture. This factor may be a vitamin or other food deficiency. 

We may sum up the matter by saying that there is a considerable mass 
of evidence in favor of a streptococcus (not necessarily a single specific 
strain) being the causal agent in rheumatic fever, the comparative absence 
of organisms in the lesions being exi)lained on an allergic basis. ’Fhc original 
lesions in tlie. heart, etc., must be due to the iwesenee of bacteria in the 
tissues, but a condition of hypersensitiveness is maintained by a focal 
infection in the throat. In addition to the strejjtococcus, some additional 
factor is probably needed, and it is possible that in many cases this acces- 
sory factor may be a food deficiency. 

Tuf. I.,FsioNs.~Thc fibrous tissues and certain serous membranes are 
attacked in rheumatic fever. A characteristic lesion is produced known as 
the Aschoff body. This corresponds to the miliary tubercle of tuberculosis. 
It is a proliferative lesion. Even earlier, as Klinge pointed out, b fihriitoid 
deijpumdion or necrosis, a change in tlie ground substance and collagen 
as ii lesult of vhich the connective tissue assumes a lattice-like apjicarance 
with some of the staining eharacteristies of fibrin. This change is best seen 
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in the subcutaneous nodules, not in the cardiac lesions. lojiddition-tlicre 
is an exxulaUve lesion, aa,outpQuriup of-scrum, most marked in the joints. 
The remarkable effect of salicylates on the s.nnptoms of rheumatic fever 
are well kno«m. Tlic salicvIatiiN interfere vitli the .spreading effect of 
liyaluronidase, just as docs .cortisone. It Is possible that they act through 
tlic anterior lobe of the pituitary and the ndreiial eorte.t, for they are with* 
i)Ut effect on hynluronidasc after adrenalectomy nr hypophys<.“ctomy. 

The Aschoff body is seen in most .typical form in the interstitial tissue of 
the myocardium. (Fig. o7.) It is the result mainly of proliferation, but 
the exudative element is also present. It may be just visible to the iiakc<l 
eye, but is often invisible. In tbf> lieart-itJa ivval n r l emomslia p etl. T l.is 


.\sehoff nodule. (1) A_c*cntor of necrotic 
mnjerial, often quite small in amount. 

(2) Aschoff cells- These fonn the clmr- 
acterUtic feature. Tiicy are large cells 
of the epithelioid tjqie, usually multi- 
nucleated. They arc probably..derive<l 
fnnn_tlie_histio?ytes, meml>£‘rs of. tlie 
reticulo*cndoUicIiaL sy^stem. Many are 
really giant cells, but they have seldom 
more than six or sc\cn vesicul.ar niielci, 
and resemble the giant C'clls of Hodgkin’s 
disease rather than tliosc of tuherciilosis. 

(3) Ijj*mpho?j'tcs.and .pla?ma_cclls, with 

an occasional polymorphonuclear leuco- 
eyte. (4) Proliferation of fibroblasts with 
subsequent fibrosis. Fdcma, tbromlwisbi, 
and s'\elling of the endothelium of the 
small vefiscls may also be present. Gross 
and Kbrlieb have descrilwl what thev 57 -.VvchoftboiK mm\»- 

rail tlic life cvclc of tlic Ascholf IkxIv. The oral tody reparates 

, . .. y _ • • » the heart muscle fibers 

showing that a progressive sener! of 

changes can be recognized. Swelling of 

the collagen is a conspicuous feature of tlic earliest lesion. So also is the 
formation of a network of argcntophilic retiadmn fibers, as first pointed 
out by Klinge. For the details of the life cycle tlie original paper should 
he consulted. 

'ilie spin-ial rheumatic lesions of the heart wilt be considered in connection 
with Dist'ases of the Heart. There is a pancarditis (myocarditis, endo- 
carditis, ixricarditis), and these “bites” in the heart are' by far the most 
imi>ort:uit part of the disease. Rheumatic fever-is tlic chief cause of chronic 
valvular.disease. 

llie pharynx may lie reganled as the site of the primary lesion from 
which the rest of the liody is infected. A sore throat frequentiv precedes 
or is associatcil witli the onset of nn attack of rheumatic fever. Fraser 
has found rlicumatic nodules in the pharj-iigeal tissues during an acute 
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attack. Similar nodules were present in the neighborhood of the tonsils, 
in the lingual and laryngeal tonsils, and in the upper deep cer\-iea} lymph 
nodes. 

In the fikin the rheumatic lesion is known as the subcutaneous nodule. 
It Qceurs in the deep, fascia, especially over bony prominences, and is 
composed of a group of Asclidfl' bodies. -The general stfuefurc is the same 
though the outline is more indefinite. 

In the joinis the lesion is exudative, and it is to the sudden exudation in 
a tissue supplied so abundantly with small sensory nerves that the juiin is 
due. Proliferative and vascular changes are also found in the synovial 
membrane, the capsule and the periarticular fibrous tissue. It is possible 
that the infective form of chronic arthritis may prove to be related to 
rheumatic fever. At least it appears to be a joint manifestation of a low- 
grade streptococcal infection. 

The brain may be affected and the patient suffers from cliorea (Bt. Vitus' dance). 
The lesions are in no way distinctive. Tiicre are perivascular collections of round 
cells, thrombosis, and endothelial proliferation in the meninges, cerebral cortex, and 
coi'inis striatum. The condition is a rheumatic meningoencci)halitis. 

Rhenmatic Pjicmaoma.— Patients djdng in the acute stage may show pneumonic 
consolidation, the lung hawng a peculiar India rubber consistence. There may be 
true Aschoff nodules in the fibrous septa, an interstitial infiltration of large, often 
multinucleated, cells, or areas of acute focal necrosis. (Gouley and Eiman.) Plntral 
Icnions have been described. In many of the fatal oases there is a [ilcurisy, at first 
dry and later with effu.sion. There is metaplasia of the endotlielium and inflamma- 
tion in the subirlcural layers. 

Rhcimaiic perifomtis occasionally occurs. Rhea fo\ind plaquo.s of inflammation 
on the parietal peritoneum and nodules in the subperitoneal connective tissue in a 
case of rheumatic carditis. The microscopic picture was identical with that in the 
heart except that the lesions were diffu.se rather than focal. 


PNEUMOCOCCAL INFECTIONS 

Tlio principal disease caused by the pneumoeoceus is lobar pneumonia. 
This is described in connection with tliseases of the lungs. 'The pneumo- 
coccus is a pyogenic organi.sm, but it also has a marked ability to c.xcitc 
the formation of fibrin. 'The pulmonary alveoli are therefore filled with an 
inflammatory exudate composed mainly of pus cells and fibrin. Pleurisy is 
an invariable and einjiyema a loss common accompaniinent of lobar 
pneumonia. 

Other lesions caused by pneumococci are endocarditis, jtericarditis, 
j)eiitonitis (esjrecially in children), arthritis, meningitis, middle-car sup- 
])uration, infection of the nasal sinuses, etc. Thek' conditions will be 
described in their proper place. 


BACILLUS TYPHOSUS INFECTION 

Biu'illus typh.v'^u? is identical morphologically with Bacillus coli It is Gram- 
ne-ativeand actively motile.. The two organisms can readilv bo distinguished.bv., 
their reaction on lacto,s<. ,,1 the pre.sence of an indicator. Bacillms coli ferments the 
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injijgh.clilution. * - 

Infection.— The source of fresh infection is alwa ys hun inn , citlicr a 
patient sutlerinR from the (Ilsenst'.or-A-Iiealthy.carrier. The infection is 
uliincutary, imdisjamYLcycdJ)yJnfcctcd-\vatcr» milk^r.food, or hy direct 
contnRion. Epidemics can usually l)e tracc<l to cither water or milk 
infection. The bacilli do not multiply to any depree in water, hut they 
inultiply-rapidly in. milk, so that a milk-bornc epidemic is more violent 
and explosive due to the massive infection. Food and milk may be infected 
by the contaminated fiiiRcrs of a carrier ( cook, tlairyman ) or of a nurse 
wlio has been looking after a typhoid patient. Flies may convey the in- 
fection from unc'overcd dejecta to uncovered food. Water infection is 
usually due to sewage contamination. 

One of the chief sources of danger is the chronic corner. A patient who 
recovers from the disease may continue to harl)or the bacilli in his body, 
which are discharged for years usually in the stools, sometimes in tlic urine. 
A carrier is only dangerous \\hcn lus occupation entails the handling of 
food or milk or if the excreta arc not properly disi>oscd of (camp life, armies 
in the field, etc.). 

Tlie porta LoLciltr^' is ttsually supposed to bc.tlicJymphoid-tksuc of the 
f'ni«IUiltcstiuc.wlicrcjthc.?ar)jeyO??‘‘l»^?CCUt.,l>ut_tlicr(; ha«.al\\ ays. been 
ai\id« gap-htour kuawledgabctwecnUie entry of the bacilli into the mouth 
aud.tlie.dcvclopmciit.oC.syjnptoin3.of infection. It is impossible to sec 
typhoid hucilli in any numhers in the lesions, except 'wlien a considerable 
ititervnl has elapsed hetA^eon death and atitopsy, and yet they can usually 
be demonstrated by cultural methods. (»<«Mlpasturc has sl^o^\n that in 
early stage.s of the disease small Grain-m*gati\e bacilli, which appe.ar to be 
typhoid bacilli, can be .seen in large numbers in the cytoplasm of joung 
plasma cells in the lymphoid follicles of the ileum, and he suggests that the 
young phvsraa_cell.aetajis.an essential cellukir host for the bacilli vbicb 
multiply _witlun it. The abdominal lymph iio<les draining the Iwwel are 
infcctwl from the beginning and give a pure culture of the bacillus, llic 
bacilli multiply in llic lymph nodes during the iK*riod of incubation, tjjci' 
then pa.ss by the thoracic duct to the bloo<l .stream anrjjlIuJibcratwl-into 
thc.blQud..strcam.at.the end_of the incubation period; many of tlicm are 
broken down mid tbelr cndotoxInsJiUcratctL Ftls these toxins vhicb cau.«c 
the genera! symptoms and some of the lesions (focal necrosis of liver. 
Zenker’s degeneration of muscle). 

P^'MPToMs.— Tlie P.vmptom^ are iwrtly general, |»artly inlc«tin.nl, jxirtly hemo- 
fioietir. T * ' ' i ,i . ^ i ,• i 

ing of thi ' . • ■ ■ ■ • ■ • ■ . 

snnjUom' ' ■ ■ ■ ■ ■ ' 

Kncllli: tliey tlierrforp Ijccome more pronoun'wj a« the disoaje progres'e*. Ro*e 
ajiix^r on the nlxlominnl mill. Bronchitis and no>e-blcods may enr li* 
symptoms. Tlio intestinal s.nnptoms are ab<lominal discomfort, con.stipi-'^’^’r 
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diarrhea. The hemopoietic symptoms are eniarsement of the spleen, Iciieopenia, 
and disappearance of tlie polymorplionuclcar leucocytes and eosinophils. 

Lesions.— Typhoid fever is primarily an infection of the hemopoietic 
tissue,m)d.indxarticii]ar the l.Yinphoid tissue of the intestine, tlie abdominal 
lymph nodes,- the. spleen, -and-The. bone-marrow. As there is always a 
bacteremia any organ may be involved, but the most important lesion to 
add to the above is infection of the gall-bladder. The typhoid bacillus 
excites a peculiar celMcLV-l’eantioiiNvlnclnis quite characteristic, and unlike 
the suppurative reaction produced by its pyogenic cousins, the colon bacil- 
lus and the dysentery bacillus. There is an . almost complete absence, of 
polymorphonuclear leucocytes, their place, being taken by large mono- 
nuclear phagocytes of the..reticulo-endothelial .system, (Fig. .58.) These 
phagocytes may contain lymphocytes, red blood cells, and other cell inclu- 
sions. (Fig. 59.) The lesion is productive 
rather than, exudatii'e in type. Thc rcd 
marrow is filled with these cells, to the 
exclusion of the polymorphonuclear and 
eosinophil leucocytes, thus explaining the 
leucopeniaaud the disappearance of poly- 
morphonuclears and eosinophils. 

The iuiesfiital Icffioiis, which are con- 
fined to the l^nnphoi^tjssiie,- .ar(n.jnpst 
marked, in.the'lo'wer part ..of, the ileum, 
but niay. involve the greater part of the 
small, ititestine and also the colon. The 
Peyers patches and the solitary follicles 
are crowded with the large mononuclear 
phagocytes, so that the lymphoid masses 
project above the surface. By the end 
of the first week these lesions become 
necrotic, the overlying mucosa forms a 
slough, and. when this separates it leaves 
an ulcer. (Fig. GO.) The ulcers are r oun d 
or irregularly oval with thc.long axis in the 
long axis of the bowel, since that is the 
direction of the Peyer’s patches. In the ce- 
cum and colon the ulcers arc smaller, owing 
to the smaller size of the solitary follicles. 
-Many are quite shallow, but the subnuicosa is often perforated, so that the 
floor of the ulcer is formed by the inuseularis or even the peritoneum, 
fi'here may be no ulcers, for the patient may die of to.xemia before ulceration 
has time to take place. The number and size of the ulcers bear no relation 
to the sex'crity of the di.sease. But the ulcers are accountable for tlie two 
eomjilieations which are responsible for a. majority of the deaths, namely, 
h(>m()rrli;(ge..aud .perforation. As the patient may have a deej) ulcer and 
yet be only sli.ghtly ill, it follows that every case of typhoid must be treated 
with the greatest care. I'he ulcers heal with the formation of little or no 



Fig. 58.— The lesion of ty- 
phoid fever; n collection of huge 
mononuclear cells. X 000. 
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'scar tissue. Tlie ulcer. is_cpvcred by-a-simple tj-pe o/.cpitlieliiim-Avitlmut 
ti jc fonnatioii of ne%\ plands. 

The nr tliT" incscntcrj’ arc always Jnvolvwl, especially those 

which drain the lower ileum. Their sinuses are distended with large mono- 
nuclear phagocytes, and the nodes arc therefore swollen and sr»ft. 



Fifl. 59 —Typhoid macrophiees The one in the eentcr contain* n lymphocvie and 
four crjthiwytc* X 1000 



Fio 00.— Typhoid uJerrs of the boweJ. A necToUe aloucb occupies the renter of each 
lc«ton. 

The .^pJrcn shows acute s plenic stt cllinp. It is moderately enlargctl, 
u ^tially weighing nltout 3 00 gr^-s, > te<‘T>~H^ in color and \ cry »ft Miero- 
sc^ically the li'^ual collections of larpc mononuch^r a-lls are seen with 
small areas of necrosis, hut the mo«t striking lesion is a crowding of the 
pulp with ononnous nntnlters of re<I Idood ccll3..so tliat it maj seem t«> 
contain little hut hlood. 'J'lie reason for this extreme conge>tion is not 
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ff>r it i- not in the other Icsionsi-jiQSsibly the masses-ofjnono- 
r.i ror t the outflov.- from tlic sinuses so that they become overfilled 
*■. idi h'Io''.w|. 

Iti the Jhcr the tyjjhoid lesion is ^aljaecrosis. The lesion is really a 
eeinbiri.'iti'in e.f rnj;moiniclcar. nreli/eraJ^njind-ncr-rosi.^. The larg e mon o- 
TimbaT:- Meeh the Finiisoids_and-tIic liver. cells Ji,ecpme_ACCIose^ The 
!< ion - are quite Finidl and rcscmblcjiiilin rv tiiherclcs . 

'j'he iinH-hUsfhJrr h always infected, although the lesions are negligible, 
'i'iie ii.'iulii li-^e in the hile and pass d own i ntojhejjpwel,. where they are 
ino-t iiUiiirrnu- in the duodenum./ >Iost of the bacilli in the stools come 
f;e:ii ilu' gati-hladder. not from the ulcers in the bowel\They may continue 
t'< jive j;j the gali-lTiflder after recovery and are excreted in the stools, 
."'ur h a je.r.-on i- a tyj'hoid carrier, 

Tii< l-Mhf.j! rloudy Fvcllins .and clumps of bacilli, so that bacilli often 

. i,! q,,. niiii'--, A urinary carrier continues to discharge bacilli long after 

! ('''(I' t • V. 

Til'- / 'nc.' may b^ujiiti^Jn .the early, stage and pneumonia -(lobar or 

!,->p!M''!tu('!U< ! ! it<r. Tiw yineumonia is usually pneumococcal, but it is 

lUC'? due f'l th'' tyj)b''i;'i b-icillU'. 

'I'hc hxitt uiu- Ic i- -'ift ;,:■<! ~'.v(i!|fru.aad the.blood-prcs.sure lovr. The ynilse is 
< i.M.’u (••! i-lic.'.ily .'■I'lV.-, .■itai Til" pul'f often dicrotic. 

'I'ii' •. i'r. sue i M.-u tliromUj.-j. i. f';''-fially the femoral and, .saphcnpus_yeins and 
1 1 < <'1 » * .’1 1 ^ 

Z'..nLorV d‘'g(>r,i;rafioi\, a hyaline cliangein.whiclrtheiibeKs 
th' a tr.iu.-'. aiui are lirokcn up into '^\vo[!en,_hyaline mas.sg.s. 

'! til 1 ht’ ^h• I'O' t'i. ! .v.<.r p-irt of tb'“.ri;>jLus abdominis, the diaphragm, and.the^ 
i.iii- 1 . lluut’irv of t!.‘- u.u--!'- may ociair w.ti) iieiuorrhagc. The condition, 
ui'iit i-- dur !■' !.b - I'jviui. al-o i;i otlicr iiif('('tions. 

'i'U" : !v.y 'Jjqe:''- ^uinvirative lesion, (‘itiier ah=t'e£,s_n_r;_ponos,titi.x 

! 1 i !.,■ f A l.e coiuinori >ite-; arc the tibia , sternum, 

i Tuvy:- ••‘'u-!’. i-i'.nt cm.- li'v’ng tvjdioid bacilli. 

T' ‘ ’ - a V. Mr.' ■! (2''iOU to 5*t()() pnr c.mm.), with decro.ase in 

v,. i I'-u.i'pliil- (tia-.-t,' may \anish) ant! an incrca.se of 



•v < > .-s-i v:-!. in Xhe general symptom.s .such a.s fever, 

; ’• '! !! •• t'".!: - ^-.ba-lj a-.m libertitcd when the bacilli arc 

V ’ '■■■! I ! <■ rO'C ^pc,r- are ctiuscd i>y bmderini emboli 

V 1 : ■ . ; l;'i.:. !:.i'nt of tl c -rjili-fui which forms one of the chief 
' •• ■: i .1 I:.-.- a'-.'unmlata.'n of cell,- in the splenic pul;). The 
- r A-:-! •■s an,! i.erforation are tl)e ro.sult of tli(' 

i i-,t-'M.;a. <i'';j!.ipca!'ai5('e of polyniorjjiiontH'lcars 
■o v ■■■yi..-: r'-'U't n: tl.,-- ii-.^i, jj! tl-c i.onc-marrow. Tlie carrier 
’ V t:.'-' '-I'.'.'f ir.t m.'.'.i-ta.in (.A the g-dl-htadder ii.as become 



■ci-:-'. ii 1 - .’...nr j,;, valuabh;- !a!.o.''atory te.sfs are: 
;.ii t --i t'.c of bacilli in tlie feces 

•.•'■t-'C' ..!',/j.vi f c'l'h i> i,''."ui'.’e at ti'c ! le'ginning 
: ,i ■'.••i ',-'-.!.' 1 ar.'i ivning tts.' nr.-rt week. .After tliat 
.! t;-. ;t ’.'''Tea -singly diflicult to get 

• - • ’y- a go.,.,t^re!.utati,.n. i„;t it has very real 
’’ t'.-r'i.eriy am ti '• two ri'a.soi;.-^ that manv 
-a'...; .'.sr.’--' ly; h,.i.! g;',',' a p(w;fiv(‘ .-igglutination 
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rrartion, find many ca«c«: of tjTilintd do not give n reaction until late in the di«c:isc, 

hy which time the (liaKno«i< i« ?elf-e\ident. After roonvrrv ttio 

for montlL«j somotr ■ • » • n • . . ... 

« |i*'anix‘nr in a few 

tLaJcSHCoE^omcl " ' ■ 

frequently negative in carrier?. .*• • * ' • , ‘ 

riers, than jn.thc.acth cjiUcaf'c 
that fimejlicbilcis loaded with 

y.cck— The diazo reaction m the urine h noKatn-cly iwthopnnmonie, a? it is present 
in practically every case, hut is also found in other infective fe\cni, e«peei.allv 
miliary tulierculosis, which may simuLate typhoid. Culture of diabilc obtained by 
duodenal drainage is one of the Ixist methods of deteetinf' a carrier. Tlie i>ceuliarities 
of the Icvroci/te count have already been described. For makinp an early diagnosis 
the two most valuable tests are blood culture and the leucocyte count. 



TUBERCULOSIS 

Tulicrculosis is n chronic ififlainmation caused by t!ie tubercle bacillus. 
This tliin curved rod, stained with difTicuIty and grown in artificial culttirc 
witli still greater difliculty, was disc(>vcrc<l by Robert Koch in 18S2. 
Koch’s (lisco\ cry of the bacillus is one of tlie masterpieces of bacteriological 
rosearcli, for in the course of one year be found the organism, invented a 
culture medium on whicli it couhi be grown, an<l repr(Hluct'<l the disease 
in anImaU. Tuberculosis belongs to the group of the vifccitnu.'i granvlomala, 
otlicr members of wliicli arc sypliilK. Icprosj, actinomyc-o?^, and other 
less common infections. The original meaning of the wonl was a new 
formation resembling gnimilation tissue Tlie reH'mblame to granulation 
tissue is fanciwl rather than real A gninuloina is an inflammatory mass 
consisting hirgcly of epitlioHoiil cells, as in tuberculosis, or of l.\mphocytes 
and pla.sma colls, as in syphilis, whilst in aetinoin\<x>>is an addoil supinira- 
tion complicates the picture. 'Fhc variations of tubereulo&is are endless 
but they fire merely the result of the iiitcr|)!a.\ of the forcfs of destruction 
and repair. In man the tendency to repair is commonl.x greater than the 
destnietive prociss, cspeciall.v if the nffccteil part sueh as the lung can be 
put at rest. Kven though destruction ina.\ ba\e proe<'ed«l for some tune 
it may be followoil by a remarkable ilegrw of repair, so that in tuberculosis 
it cannot be said that “the struggle naught nwiiletb, the lalior and the 
wounds are vain.” In this struggle the tlin'C factors tti be consiilerwl arc 
size of dose, immunity and allergj . 

The disease Is amazingly widespread, as is shown Itotb b.\ the tu!>ercuUn 
reaction and autopsy c.xamination 'Flic figures naturallv %nr\ in dif- 
ferent countries, and the ineidenee is higher in large eitii*s than in rural 
<listricts. Statistics compiled from the great centers and fnnn the {XKirer 
class of the c'onimunity showixi that !>cfore the age of ten aUiut l.j per cent, 
before the age of twenty from 30 to CO per cent, and after middle life alxuit 
99 per tvnt of persons were infected, lliesc figures were comiiilixl from 
autopsy studies In the earlier part of this century As a result of the cam- 
paign against tulnTculosis a generation of children and \oung adults has 
gniwn tip which has escaped primary infection and is jiegative to tubcrnilin. 
Tlius in a school for nursing at O.'!o 52 per cent of the entering students 
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clear, for it is not seen in the other lesion s^^iassihly the masses-ofjnono- 
mickuirs obstruckthe-OUtfloTV-from4he sinuses so that they become overfilled 

vith31ood, . rni ■ 11 

In the Hut the typhoid lesion is focal a ecrosis. The lesion is really a 

combination of mnnomiclea r nroliferation a nd-necrosii^. The largemono- 
miclcnr!^ Idock the sinuso ids,and-.tlieJlve]L,cel]sJiecpme^ecro^3jed^ The 
lesions are quite small-and-rcsemblejaai liary tubercle s. 

The (jall-Uaddcr is always infected, although the lesions are negligible. 
3'he bacillijiyejii th e bile and pass doAvn into the bot M, where they are 
most numerous in the duodenum./ iMost of the bacilli in the stools come 
. from the gall-bladder, not from the ulcers in the bowel .\They may continue 
toJiyjjJn the.ga]l-bjajder afterx^^^ are excreted in the stools. 

Su^chaLpjsrsoiiJs, a t^' phoid c arrier.. 


The kidneys show cloudy swelling and clumps of bacilli, so that bacilli often 
appear in the urine. A urinary carrier continues to discharge bacilli long after 
icenvery. 

Idie kings may siiow br( 2 iicl)jlkJilJhe_eariy_stage_and-pneumonia -(lobar or 
hronrhopndimonic) later. The pneumonia is usually pneumococcal, but it is 
soinelimcs due t o the typhoid bacillus. 

Tlio heart muscle is soft and swo iLca,-aiidJhe-bloQd:pressure-low. The pulse is 
characteristically slow, and the pulse often dicrotic. 

Tlie veins are often thmmboscd, especially the f emoral and sap heno us veins an d 
thcjcerobra! sinuses. 

The i n nsrlrs .in;i>’ shQ NV_2cnker.s degenera tion., a hj:aliiie.changein_rvhich.the-fibeis 
lf'.se,_thcir_trims\'crse-striations-.anfl arc broken up into s wollen . hyalin e masses. 
Tlie chief sites are the lower part of the.rcntusurbdominis , the diap hragm.. and-the. 
tliigh muscles. - Rnptui T of t he muscle may occur with henmjrliage.-The condition, 
which is due to the toxins, may also occur in ofhM^mTections. 

The hones may show a ctironic .<unuurative. lesion, either a bscess or peri ostitk 
which may co me on mo ntlisor-V.cai'S l.ater.- -The common sites are the tihia,.steaiim'i, 
ribs, and sj>ine. Thejmsp/teii contains jiving typhoid bacilli. 

The hlood shows a marked ieucopenia (2000 to 5000 per c.mm.), with decrease in 
the iiolymoriihouuclears and eosinophils (these mat' vanish) and an increase of 
laruc mnnomiclear cells. 

Tin; Hi:i-^tion or Pyju’Tom.s to Lesions.— The general symptoms such as fever, 
headarhe, Ictliargy are due to the toxins which are liberated when the bacilli are 
boikcn down in tlie blooil .‘■tream. The rose spots are caused by bact erial..emboli 
iiithc .^kiii cajulhuios. The enlargement ofjiiejjileen which .forms one.oLthe_chief 
chm'c'.d pictures is due to the great accumulation of cells in the.splenic-puip. -The 
iutestuud symptoms includiiui hemorrhage and perforation are -the result of the 
uhf's. The iilood chaiuces (leucojienia, disajipearance of iroh’morphonuclcars 
an i c' 'dnoibibl are th.c direct result of the lesions in the bone-marrow. The carrier 
i an indi-ation that the constant infection of the gall-bladder has become 
f’.t'ini'- in-tea.d of clearina ujr. 


Lei'.<.v..vi,)r.y All’s in Di.vgnosis.— The four most valuable laboratory tests arc; 
ii.V'd cult’jie. (21 the Widal test, (3) the demonstration of bacilli in the feces 
in.'u the iiruic. aivl (-ll the leucocyte cumA. Blood cullnre is positive at tlie beginning 
'd u.e (the period of bacteremia) and during the first week. After that 

ira.am and m.n.u.- hacilii are destroyed .so that it becomes increa.singly difficult to get 
a p )-•'.! ve culture. The IVvhil hst lia.s a great rejnitation, but it has very real 
.';r-.;:taf..,u’.- and id le.-s valtmide now than formerly for the two reasons that many 
p .v.,!) i..!.,e Ix'Cn ij’ocuiitcd agaiii’^t tyj’hoirl give a po.sitive agglutination 
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miliary tuberculosis, which may simulate tj'phoid. Culture.of the UL . 


TUBERCtJLOSIS 

Tuberculosis is a chronic inflammation caused by the tubercle bacillus, 
'fliis thin curved rod, stained witJi difficulty and grown in artificial culture 
with still greater difficulty, was discovered by Robert Koch in 1SS2. 
Koch’s discovery of the bacillus is one of the masterpieces of bacteriological 
research, for in tlic course of one year he found the organism, invented a 
culture medium on which it could be grown, and reproduced the disease 
in animals. Tuberculosis belongs to the group of the injcciious gramihmala, 
other members of wliich are syphilis, leprosy, actinomycosis, and other 
less common infections. The original meaning of the word was a new 
formation resembling granulation tissue. The resemblance to granulation 
tissue is fancied rather than real. A granuloma is an inflammatory mass 
consisting largely of epithelioid cells, as in tuberculosis, or of lympbocitcs 
and plasma cells, as in syphilis, whilst in actinoniyoosis an added suppura- 
tion complicates the picture. The variations of tuberculosis are endless 
but they are merely the result of the interplay of the forces of destruction 
and repair. In man the tendency to repair is rommonly greater than the 
destructive process, especially if the affected part such ns the lung can he 
put at rest. Even though destruction may have proceeded for some time 
it may he followed by a remarkable degree of repair, so that in tuberculosis 
it cannot he said that “the struggle naught availcth, the labor and the 
wounds are vain.” In tins struggle the three factors to be considered are 
size of dose, immunity and allergy. 

The disease is amazingly widespread, as is shown both by the tuberculin 
reaction and autopsy examination. Tlie figures naturally vary in dif- 
ferent countries, and the incidence is higher in large cities than in rural 
districts. Statistics compifeel from the great centers and from tlie poorer 
class of the community showed that before the age of ten about 15 per cent, 
before the age of twenty from 30 to 60 per cent, and after middle life almut 
99 per cent of persons w-cre infected. These figures were compiled from 
autopsy studies in the earlier part of this century. As a result of the cam- 
paign against tulwculosis a generation of children and young adults has 
CTow n lip w Inch has escaped primaiy* infection and is negative to tuberculin. 
Tims in a school for nursing at Oslo 52 per cent of the entering students 
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were tubcrciilin-iiogntivc (Ilciinbock)- 
in tbc disoaso picture. 


This bns produced a great ciiaug(' 


Tlio bacilli coinc from man or from the cow (milk). The bovine form of Itiber- 
oiilosisusccl to bo of imiiorlanco, pnrtiiailarly in Pcollaiid where it was very preyahml 
owing to wiclc-spread infection of cattle. Insiieetion of herds ain! pasteurization of 
milk have reduced this form of infection to negligible proportions in most communi- 
ties. Pulmonary tuberculosis is always due to human infection, but some c.ases ol 
intc.stinal tuberculosis in children m.ay be due to infection with the bovine type of 
bacillus. 


The Inflammatory Reaction. —The reaction of the body to tlie lulu'rcle 
bacillus varies considerably, depending on the following factfws: (1) tiu* 
species of animals, (2) the size of dose, (3) the que.stion of whether the 
animal is tubcrculosis-free or has already heen infeeted. dlie iufhieuce oi 
these factors will he discussed as we proeeed. 1 n sjrite of possil)le variations 
there is a standard type of rcaetion eansed hy ;i ?noflerale do.s(> of hacilli 
of unattenuated virulence in a snseejrtihle .species of animal which i.s in- 
fected for the first time. l^oliirnopiKnivclcnr IriK'Driilrs are tiie (ir.st to arrive 
in response to an injection of tnherele hacilli. 'fhey are actively jrhagoeytie. 
hut are unahle to damage the Iracilli which they engulf. 'Phey jrlay a n.sefiil 
part, however, in focalizing the infection hy prm enting to some extent the 
drift of hacilli through the tissues. The response of the ])olymoi'])ho- 
nuclears is very much more marked in a reinfection, i. r., in the allergic 
inflammation of an already tviberenlons animal. Their a)>]X'aranee is 
transitory, and witiiin twenty-four hours they are replaced hy mimim^ich'ar 
cdh, also known as macrophages and monocytes. 

These cells represent the essential rcaetion of the body to the Uihcrele 
bacillus, but it is to the fatty enveloi)e of the haeillus that the re.sj)onse is 
made, for the same efi'ect is ol)tained by the injection of li]w>id extracted 
from the bodies of the haoilli. I u some of the exi)erimental work they have 
been the first cells to arrive. Thus b'ried found that the intratracheal 
injection of bacilli in the I'ahhit caused an amazingly rapid a]^])earance of 
mononuclears. When the animal was killed one minute after the injection 
the cells had begun to appear and in the course of five minutes a definite 
primitive tuherele has been formed within the alveoli. The mononnelears 
are liighiy phagocytic memi)ers of the retienlo-endothelial system-. The 
bacilli and also the polyinorphonnelears containing hacilli are phagocytosed 
hy the monomielears, hy which they are gradually broken down with 
dispersion of the lipid thro\ighout the eytojjlasm. 'i'his disj)ersion results 
in the transformation of the iminomielear into the epithelioid cell (epithelial- 
like), which is the most characteristic single feature of the tuberculous 
reaction. It is a large, pale cell with rather indistinct margins, the nucleus 
is large and vesicular, and the abundant cyto})lasm oftcj) presents processes 
which ])ass from one cell to another to form an epithelioid reticulum. The 
epithelioid cell, then, may be regarded ns a large mononuclear which has 
paitiaiK digested tubercle hacilli, and its cUstiuctive cytoplasmic state 
.seems to he the i esult of destruction of many hacilli with jn-ogressive emulsi- 
fication of their lipid (Long, Lurie). The epithelioid cell' is particularly 
rich in ascorbic acid (vitamin C), and it seems probable that this substance 
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is connect al the enzyme activity of tlio principal reactive evils. The 

lymphoejtes of tlic tuherdc tjo not contain any (lenionstral)le n'M;orhie 
acid. 1 1 !•> evident that hy the time the mononuclears, have becoiue trana- 
fdfiiied into cpjtherioid.cclls tlie bncHil luivc undcrjjone extensive de-^itnic- 
tion. Tins explains the eUnieulty which is cxj>erieuccd in demonstralinj; 
hacilll in the ordinary tyjie of lesion in man, in which they are few and far 
hetwiviiand may only he found after prolon^'isi search, althouph in acute 
fnhninatinjr lesions such as tul»erciilous caseous iiricmnonia tliey may he 
pre-'Cnt in ^rcat nuinhers. The moitoiuielears do not always }ia\e the 
p(»\verof clestn)\inp the haeilli whieli theyenpulf. 'I'hiisin the rat the haeilh' 
thrive and multiply witJiin the phapocytes, and the latter aNo multiply 
with tlje remorselessness of a nialipnnnt prowtli, until finally the animal 
succumbs to the cellular aecumulatlon. 



Fia. Cl —A miliar)- iiilxrcle m tlic lunu. Mmwmu ♦‘pithplmul cell*, pant rpll-*, nn<l 
ponphcml Ij-ronltorj-tcs X l-iO 


Giaiit-ccih are formed hy fusion of a munhrr of epithelioid «*lls Tlu-% 
may attain a preat size, and contain larpc number', of unelei. usually ar- 
rauRwl either nrtnmd the peripliers ;\l one or botli {kjU-s, bnt (K-<tist(m:iUv 
scattered thrmiph the cytoplasm. Medlar ;)oints mit that tlie mnirix of 
the cell is nct'rf)tie (caseous) from the liepinninp. and snppc'-ts lh.it tin- 
{a-enliar arranpement of the nuclei at the jK'ripher) !•' du«‘ to the epithr lioid 
cc-IIs sumumdinp n central piece of necrotie material, cvlK an o«it. 

foriot'd imtii They ait' found in Miiall eaxsiuMtre.i'' 

or at the wipe of larpor areas. Tlicy often conlain tulK-rele haeilli. and their 
function is to dipe.-'t and remove dead tissue. Tliey are foreipn l>fHiy iriant 
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^ve^e tubcrciilin-iicgative (Heimbeck). This has produced a great change 
in the disease picture. 

The Ijacilli come from man or from the cow (milk). The bovine form of tuber- 
culosis used to be of importance, particularly in Scotland where it was r’ery prevalent 
owing to widespread infection of cattle. Inspection of herds and pasteurization of 
milk have reduced this form of infection to negligible proportions in most communi- 
ties. Pulmonary tuberculosis is always due to human infection, but some cases of 
intestinal tuberculosis in children may be due to infection with the bovine type of 
bacillus. 

The Inflammatory Reaction.— The reaction of the body to the tubercle 
bacillus varies considerably, depending on the following factors; (1) the 
species of animals, (2) the size of dose, (3) the question of whether the 
animal is tuberculosis-free or has already been infected. The influence of 
these factors will be discussed as we proceed. In spite of possible variations 
there is a standard type of reaction caused by a moderate dose of bacilli 
of unattenuated virulence in a susceptible species of animal which is in- 
fected for the first time. Polyinophonvclear lemoeyfes are the first to arrive 
in response to an injection of tubercle bacilli. They are actively phagocytic, 
Init are unable to damage the bacilli which they engulf. They play a useful 
part, however, in focalizing the infection by preventing to .'^ome extent the 
drift of bacilli through the tissues. The response of the polymorpho- 
nuclears is very much more marked in a reinfection, i. c., in the allergic 
inflammation of an already tuberculous animal. Their appearance is 
transitory, and within twenty-four hours they are replaced by monomicJear 
ccUft, also known as macrophages and monocytes. 

These cells represent the essential reaction of the body to the tubercle 
bacillus, but it is to the fatty cnvelojie of the bacillus that the response is 
made, for the same effect is obtaiueil by the injection of li])oid extracted 
from the bodies of the bacilli. In some of the experimental work they have 
been the fir.st cells to arrive. Thus I'ried found that the intratracheal 
injection of bacilli in the rabbit caused an amazingly rapid appearance of 
mononuclears. When the animal was killed one minute after the injection 
the cells had begun to appear ami in the course of five minutes a definite 
primitive tubercle has been formed within the aheoli. The mononuclears 
are highly ]diagoeytic members of the reticulo-endothelial system; The 
bacilli and also the polyinorplionuclears containing bacilli arc phagocytosed 
by the mononuclears, by which they are gradually lirokcn down with 
dispersion of the li})id throughout the cytophusm. d'his dispersion results 
in the transformation of the mononuclear into the vpilltcliaid cell (epithelial- 
!ik('), nhich is the most characteristic single feature of the tuberculous 
reaction. It is a large, pale cell with rather indistinct margins, the nucleus 
is large and vesicular, and the abundant cytoplasm often presents processes 
which pass frtuu one cell to another to form an epithelioid reticulum. The 
epitlieiioid cell. then, may be regarded as a large mononuclear which has 
p.ntijll_\ dige't<'d tubercle bacilli, and its distinctive cytoplasmic state 
smns to be the result of dt'Struetion of many bacilli with jtrogressive cnuilsi- 
fk-ation of their lipid (Long, Lurie). _ The epithelioid cel! is particularly 
rich in ascorbic :icid (eitamin C), and it .st“ems probable that this sultstance 
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is coniKC'tvd " itl* tlie enzyme acti\ ity of the principal reactive cells. The 
Ivinpliof} te."* of the tubercle do not c*oiitain any demonstrable asenrhic 
}ui(l, It*is evident that ))y the time the mononuclcarsjiavc become trans- 
formed into epH.helioid.ccIIa the bacUlt luivc undcrpouc extensive de^trvjc- 
tion. This explains the difficulty which is experienced in.deniunstratinp 
bacilli in the ordinary type of lesion in man, in nhich they^arc few and far 
between and may only be found after prolonged search, altlioiiph in acute 
fulminatinf; lesions such as tubcrciilous caseous pneumonia they may,be 
present in p'cat numljcrs. The mononuclears do not nhvnys have the 
pow er of de^troyinp the bacilli which they engulf. Thus in the rat the bacilli 
thrive and multiply nithin the phagocytes, and the latter also multiply 
with tlie remorselessness of a malignant growth, until finally the animal 
succumbs to the cellular accumulation. 



r*io. GI.— miliary tubercle in the lunc, 'hownn" epnbctinid cells, pant ccll«, and 
pcripberal lynipbocytca X 150 

Uiant cells are formed by fusion of a miinlKT of epithelioid cells. They 
may attain a great size, and contain large numbers of nuclei, usually ar- 
rangetl either around the penpherj- or at one or both |)oIcs, but occasionally 
''CtiUort'd through the cytoplasm. Metllar points out that the matrix of 
the cell is necrtitic (caseous) from the l»eginning. and suggests that the 
peculiar arrangement of the nuclei at the periphery is due to the epithelioid 
cflK surrounding a central piece of m-crotic material Giant cells are nfit 
pptil ncfTQsi^ hjg nmmHl They are found in .^lall easeousTreas^ 
or at the wlge of larger areas. Tlwy often contain tubercle bacilli, and their 
fiinctjon is to digest and remove dead tissue. They are foreign body giant 
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cells, and indicate that an active resistance is going on. Giant cells are 
very characteristic of tuberculosis, but they occur in other chronic inflam- 
mations (syphilis, actinomycosis), and they may be absent in the acutcr 
forms of tuberculosis where resistance is Ioav (tuberculous meningitis, etc.). 

By the end of a week lymphocnics appear, and form a ring around the 
perij)hery of the lesion. They are small cells with dark nuclei, identical 
with the lym])hocyte.s of the blond, but they arc probably derived from 
the cells of the perivascular, lymph .sheath or other lymphoid structures. 
The lymj)hoc\ te,s are one of the principal sources of the gamma globulins 
which constitute the iniinunc bodies. 



I'n; tV2 'ru'!'v;i-ul"a- sh'jwn:': of opirliolioid cells. X 325. 


Till- s’.uali iiui" of licv !\ -i'onned or newly-arrived cells coii-stitutes a 
lUiV uaiidLici'iii le-dule i isiljle to ihe.naked eye anil known as a iuheydv 
or i'-iii'ui: i:.’ dfh i Fiir. (d 'ince it !< at first abimt the size of a millet seed. 
auko'jL'!! it increaM-s iii si/i- and .sev< ral tui'ereh-.s may fuse tfi form a larger 
nai.'^. It 1 ' a\ a'.'.-ular. r.o tliat when the vessels of a tulierculons organ 
ih, lun.L: ao- injei-tfd ivith ;i colored medium the tubcrele-; stand 
oat u > ,-■ :■ !; ,i d. j>y I'liij {if the S'-t-ond week ra.-intfioti begins. Thi< i-.: a 
i-’rai 'C e..: ca.nsed by tlic liberated protein fraction of the 

!■ :-:,d t!.<- inii.e-ity of the ne.Tod-< vari*-^ v.itli the ...ize of do~{'. Ma-<- 

te :i 1 - iil.iiy to 1 a.ceojnpatued by e-xten-it'i- eu'Cation, as in 
-' ■'O. fe;-f !.!’--’.ur-oi;i:i. In the eenter of the tnbi'reie the Cells lose 

tUi:’' o'itlii 1-. t!.e nu, !, ; pjw-ar. atid all struetun- is lost. ('Fig. (>2.) In 
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Ce gutmn.-t the l.-os o! strueture may e.ot be so 
'f d . origin-j! outlitu- may .still be dimh- diseerned. 
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Other respects in ^^hich the two lesions may dilTer will be considereni in 
connection with the gumma. TJic tiil)ercle now prescnts.a Jiomogenous 
center staining red with cosin, a periphery of pale epithelioid cells with one 
or more giant cells, and an outer zone of dark blue Ij'inphocytes. 

'I’herc is n tendency for casx'ation.to.bc followetl by softening and lique- 
faction. Long j)oints out that softening of.the caseous tubercles Is the key 
problem in tuberculosis, for were it not for ^ftening the disease would be 
.‘^•IMimited. Softening is associated ^\ith an extraordinary multiplication 
of. the -bacilli, so that when liquefied material is first discharged into a 
bronchus it has its maximum infecting power. From this it follows that 
acute fresh cavities discliarging soft yellow lumps in the sputum are highly 
infective, \\hilc old chronic cavities are not an important source of infection. 

Tile precise cause of the softening is not understood. 

The prolonged vse of streptomycin has a profound effect on the progress 
of the disease (Aucrback). This effect is most readily seen in surface lesions. 

Ulcers of the larynx, bronchial tract and intestine heal quickly. The 
contents of-a cavity in the lung become inspissattx!, and later invaded by 
large mmibers of neutrophils with resulting liquefaction and the formation 
of a cyst lined by squamous epithelium or fibrous tissue. Tubercle bacilli 
can still be demonstnited by staining, but not by culture nor animal 
inoculation. 

Hie microscopic picture in tuberculosis is characteristic and readily 
rccognizetl, hut it must be borne in mind that a histological diagnosis of 
tins disease is only presumptive. Other conditions may present a similar 
or even identical microscopic picture, for example sarcoidosis, coccidioido- 
mycosis, histoplasmosis, brucellosis, and sj'pIuHs. In some of these (coc- 
cidioidomycosis, histoplasmosis) the etiologic agent can be found in the • • 

tissue, in others (hrucoliosis, syphilis) serologic tests are of value. Finally 
the sections may show only a picture of chronic inflammation with none of 
the features characteristic of tuberculosis, yet tubercle bacilli may be 
found on culture. 

1!\\q future history of the tubercle varies greatly (1) ITe experimental 
tubercle may resolve, disappear completely, and leave no trace. It is 
difficult to know if this occurs in man, btit it probably does. The perito- 
neum maybe found studded with tulwrcles.andyct if the abdomen is opened 
a year later the membrane may be smooth and normal. (2) A very common 
occurrence is for the caseous area to l»c surrounded by fibroblasts which 
form a fibrous capsule for the tubercle. Lime salts are deposited, and the 
ealcifiedtubcrcle is said to be healed, but even in this quiescent lesion living 
haeilli may .still lurk and can l)e demonstrated by animal inoculation, 
netigylum.may be present in tul>crclcs composed entirely of epithelioid 
cells, and as reticulum is formed l>eforc connective tissue it is possible that 
the one may develop into the other, and that the mononuclears may take 
f*uoC-part.m_tIuLJoniiation .nf.collagcn. (3) There m ay be a lowj- grade 
inflammation. with th e fo rmation of Uihcrctdoua jjrnmlation JzW/c_with i f. 

*'’'^_uy_tul>crcles- buL-no-cascation. This fs due to low virulence or high / . ^ 

rHstaiiCfjjiiul.is ajaroJorm.ofjthe. disease. This h> T)cr plas ticJQrm-is ‘ 
in ■thc.synoviaLmemhrancL.ofJoiiits, jp.tlie jcguni, and jccasIonaII.\un- 
.nodes. (4) Tlicre may be spread of the infection, the bacilli being 
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carried by phagocytes tlirough the tissues, giving rise to the formation of 
new tubOTcles vliich fuse together until large caseous areas are formed, 
(o) There may be an (icvie wflammaiory rcaciion vTcn . the .infection is 
virulent ..or massive, as seen in tuberculous,.mcningitis, and acute tuber- 
culou.s pneumonia, "bhis reaction, in place of being mainly productive, is 
essentially exudative in type and is characterized by a great outpouring 
of polymorphonuclear leucocytes and serum with, it may ire, an abundant 
formation of fibrin. It is, hovcver, not in first infections but in reinfections, 
sometimes called secondary infections, that the acute inflammatory reaction 
is seen to liest advantage, and vc may now turn to a consideration of the 
lesions which develop in the already tuberculous or allergic animal or man. 

Allergy and Immunity in Tuberculosis.— Robert Koch realized the 
fundamental di.stinction behveen the reaction to the tubercle bacillus in a 
healthy animal and in one already infected with tuberculosis. If a healthy 
g iiiTip;i-pig ■i.s Jnorada.t.ed— witli— tubercle„bacilli-oLlo.w_,vii:uIence a nodule 
fonns.by-the.eucLof_tivoj\v.ecks. This -breaks- down and never heals, for the 
guinea-pig,, in. contradistinction to man, .has no natural immunity. The 
regionaLlyjnph.-nodes.Rec.ome .enlarged and caseous, as-tlie bacilli are not 
retained at the site .of inoculation. These tuberculous nodes form a valuable 
indication of the site of the primary infection. Involvement of the cervical 
nodes points to the tonsil as the portal of entry, the trachco-bronchial 
nodes to the lung, the mesenteric nodes to the intestine. Swelling of the 
regional nodes is followed by general infection of the guiiica-pig and death 
in two or three months. 

I'he sequence of events following the inoculation of an animal which 
has jweviously been infected (reinfection) is very difi'erent. If a second 
flose is given a..coupk.Qf.iV.eelcs.aftei-.the firstv.a local, swelling. appeals Jn a 
few days,;.this. breaks down _a,nd .forms jin ulcer,. but the.ulcer .soon heals, 

.not .enlarged. (Koch phenomenon). This 
does not mean to say that they are not infected, for tubercles can be found 
in the nodes both in the experimental animal and in human reinfection, but 

most-oUhe-baeilli-:u-c re-toinexl -iit-the site oUnocuJatiom-ancLthQse..which 
succeed .ui.i:eachingptherx)arts_findthe.soiI.unfavorable. The local reaction 
is an acute inflammatory one, it is more jmunpt in its appearance than in 
the healthy animal, and it is characterized by marked outpouring of poly- 
morplionuclear leucocytes and plasma and above all by the occurrence of 
massive neero.ds.^ It will be recognized that this reaction, which can be 
elicited by the injection of dead bacilli and tuberculin as well as by active 
infection, is a maitifestation of the allergic inflammation which has'alreadv 
b('en studied in the i)revious chapter. ItTsTtqK-ndentTTn the fact that the 
rehaively blanil tnbereuloprotein acts in the allergic body as a powerful 
irritant and necrotizing jtoison. 

The resi)onse to tuberculin is an allergic one. Tuberculin allergy mav 
disa}r]H'ar after healing of a tuberculous lesion, although sensitivity is 
never lost in the itrosenee of active infection. Children often change from a 
IHc^itive to a negative tuberculin reaction, but this rarely hapj)ens hi adults. 

'I'he distinction between primary and secondary infection can be seen 
in the lungs, (’sing the regional lymph node invoivement as an indicator 
of the primary lesinn. Chon was able by careful dis.scctioa to demonstrate 
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a primary Imif' lesion in over IK) per cent of chiWrni. 'Jliis often 

called tlie Ghon lesim (53), is_a.sin;ill not-more-lluin 

LcnKJn.dinineter,.usu!dly_siiiplc,-aiid^tuatc<I-in-any.imrt-of-tlio hins. 
but generally juitoimlerihe plcura,^ud limited by^aiibrous capsule. There 
is a larger caseous focus in the lymph nodes draining thi-> area. It is of 
interest to note that Ghon’s vork was piibllsiu'd in 1012 Imt the le-'Inn 
kno\\n by Ins name was <leseril>c<l in every rietail in ISOS by a Paris phy- 
sician, George Kiiss.who wrote 
a monograph on tlic suliject 
^\hich has been completely 
neglected. Very many of these 
lesions are healed, not only 
calcified hut ossified. These 
lesions seldom contain \*jable 
tubercle bacilli, as shown by 
culture and guinca-plg inocu- 
lation (I'cldman and Ilaggcn- 
stoss). The lesion may be 
healed, and yet the histological 
picture (cellular infiltration) 
may suggest active infection 
owing to the frequent presenw 
of sillen. If healing docs not 
occur the cluld becomes al- 
lergic, the enswus lesions 
break down, and a rapidly 
t'ptx’ading tuberculous pneu- 
innnia is apt to develop. The 
youugcr.the-child^ic-^rroatiT 
I is Jhe„diuigcrt Jor_bcJiasjiot 
Ihad-timc-tabccomcimmunircHl 
( byj'cpeatcdininimaUufcctian''. 

'Therefore tuberculosis is es- 
pecially ihingcrous in the first 
\o:\T of life. 'J'lie child with 
primary infection either recovers or die>. he does jhii develoji the rhronit 
thick-walled cavities so characteristic «»f the <h'<*J»H* in the adult. 

period of latencv si*paratesthepriKi:ir\ and ‘>etnndarv tvin-s. Tlicjears 
from four to_fourtccn.arc.;dmuft fn^ from fatal pulniomir.v lulaTculoiia. 

Wien an a<hdt develops tul>crriiln>i'» he has already la-en infate<l in 
childhoo<!. The one lesion is not a development of the other, but the result 
of.a fresh mfeetjou fnun without, massive en«uglj.to_hreak_dowii the jm- 
inunity produced by.lho-primanjesion._ As the adult legion is of thesceond- 
aty.tvTic It v\ill.becnm(i,casenus and lirc.ik.down. with iJiitfurmation of a 
cavity. If the immtnuty _duc to .the priiiian' lesioii^ lias <ll-';iji|><Mr<*<l. 
reinfection wiITIk* of the nature of a. first infection, aiiel tlic patn ii' mav 
«lle,of.acute_tnbereuIous pneumonia as in the fii^t ie.ir of Iff*- "jc to 
the greatly ilecrrased itn‘i<lence of cIiildlHHKl tulureuln-i^, prininry tiif*er- 
culosis in the adult is Ijocoining inerr.nsinglv ^•or»lnnII 'fJie ma;'oriry o 



Kio (sf — Aeltvc <^hon loion Tliemsji 
Mil>|>lcur»l M'poo' Je-ion in Hip Io«rr Icitic 
The l>mpli n<xlc' at the lulu- are enhirueil 
amt ou'Cou^ Milnry iiil>ercies nre -rai* 
lonsi ilmiush Hic him:, e-iK'nilh in ttie 
lower lotio iNimcof the iipi’er lolie IIS'* tieen 
removcl Death wa« ,|ijp lo j-enernl inihirv 
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jK-r.'Oji' inff'cted for the first time in young adult life show few sj-mptoras 
or seriou=; efieet?, the disease being detected by routine tuberculin tests 
folio-.ved by roentgen-ray examination. If exposed a second time to in- 
fi-flion, the patient will develop the usual Ic.sions and symptoms of rein- 
fcf.'tion. 

Method of Infection.— It is easy to infect a .susceptible animal by three 
route.' : inoculation, inhalation, and ingestion. In man we are interested 
not in ]>o:"ib!r,‘ routes, but in the method of common occurrence. Unless 
this is known ])revention is not possilde. 

1. k’oxf.r.xiTAi. IxiT.CTiox.— This may occur through the placenta, and 
tiibercle bacilli have been found in the mesenteric lymph nodes of the 
n' vborn. It i,' so rare as to be negligible. 

2. lxi J;('Tiox Tiiiioron thf. Skin.— T his is the chief method of infection 
in the experimental .animal, I)Ut in man it is of little importance. A tuber- 
culous le.'^ion may develop on the hand of a nurse, surgeon, or pathologist 
(verruf;\ neerogcnie.a) through handling infected material. The infection 
may spread to the regional lymph nodes, but seldom gives rise to general 
tubeif-ulosi''. 

o. 1 ni i.(.tio?.: Tintoi'fii! Tin: G.\sTi:o-i.vrEsTiNAL Tkact.— This route 
usrd io be of great import.anee in the days when a glass of milk was likely 
incdiitain many tubercle bacilli. The bovine type of infection was extremely 
cumnu'u iii the bowel and lymph no<les of children. Fortunately the 
IKi^tetiri/.atinn of milk hu< changed all that, so that infection through the 
ga>tro-inte.'tinal tract i' now of minimal imjjortance. 

■!. Imi.ctiox nv InhaL’.tion.— ' 1’!)!' i' the route by which the lungs 
arc infected. There are tlir<A- ways in whieli tuiaTck* bacilli may be inhaled 
into the lung.-'. 

IhajiUl is tlu‘ cuininon metlx.il in the adult. When a patient 

uitli active tiuhnnnary tubcrcukisi^ cou-gh.' without shielding his mouth he 
sprav.' out iiniuuKTabic tiny <irop!et.' of moisture containing niillinns of 
liaciili. In c' 
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venous system, 'lliis explains tlie occurrence of isolatc<l lesions in almost 
any organ in tlie body. A baeillcinia must be distinguislied from a general 
milianj iiilcrculosui, where enormous numbers of bacilli are poinrd into 
the blood stream. This may lie due to heavy infection via tlie lympb.atie- 
venous route, or a caseous lesion may ulcerate through the wall of n vein 
and flood the circulation with bacilli. Ulic result is an acute toxic infection 
^\hieh may terminate in death in the course of a fe%v weeks. Tiny miliary 
tul)oreles are found in every organ of the body, tliougli these may hardly 
he visible to the naked ej c. Gcneralizetl acute miliary tuberculosis iiscxl to 
be as rapid in course and as fatal in outcome as tuberculous meningitis. 
Streptomycin and isoniazid (isonicotinic acid bydrazide) have greatly 
lessened tlie gloom of the picture. Untreattxl miliary tuberculosis is not 
ncc-cssarily acutely fatal. A chronic miliary form is compatible ^^itb 
years of life and with recovery (Hoyle and Vaizey). Healed tubercles are 
found not only in the lungs, but also in the spleen, liver and other organs. 
(4) By the natural pa.tsages. Infection may spread along the bronchi, 
ureter and vas deferens. In these cases, however, it is diflieult to be certain 
tliat the bacilli have not been carrie<l along the lymphatics in the submueosa. 

SARCOIDOSIS 

The condition known ns Boeek’s sarcoid is a granuloma witli a micro- 
scopic picture resembling and casilj mistaken for tliat of tuberculosis. It 
was first described by Jonathan Iluteliison in 1SG9, but it has mnsqiiemded 
under such a variety of names that it is only in recent jears tliat it has 
come to command general attention Perhaps the best de.»eriptive name 
is that of benign li/mphogranulonia, for clinically the lesions may simulate 
those of Hodgkin’s disease, whilst histologically it may mimic tuberculosis. 
Sarcoid is certainly a misleading name, lliere is usually an astonishing 
nb'sonce of symptoms, tlie disease is seldom fatal, and autopsy reports are 
correspondingly nirc. The condition appears to be particularl\ common 
in Scandinavian countries. 

The diversity of lesions, or rather of org:ins involved, is remarkable. 
TJuijdiigfji‘;«ues.nfrcc_^d arc the skin ami lymph nodes, both superficial 
and deep, but there may be splenomegaly, hepatomegaly, and lesions of the 
lung, myocardium, pancreas, testis, tonsil, digits, parotid and lachrymal 
glands, and uveal tract of the eye. Tlic nuxliastinal and thoracic nodc.s 
arc involvetl in some 75 per cent of cases, and arc often x isihle in the x-ray 
film. 1 have seen a sarcoid lesion in the hypothalamus which caused dia- 
beti-s insipidus, and two cases of myocardial sarcoidosis. To make matters 
more confusing, lesions may be confined to tlie skin or l\mph nodes or 
bones or the eye. Tiieljone lesions arc practically liinitcti to the" [JialangTs 
of the fingers and toes. Tiie disease lasts for months or years, with a 
tendency to fibrosis and healing. Healed lesions are represented by scars 
In the lungs this scarring is of particular importance, because there can 
Ik- little doubt that many c.iscs xxlilcb in the past have been considen-d as 
healed miliary tuberculosis are in reality examples of liealnl sarcoidosis, 
'nierc may Ik- quite gcnendizcxl interstitial pulmonary fibrosis causing 
dyspnea and cjnmosis due to failure of the right ventricle. Badiologically 
10 
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the bones show a peculiar reticulated rarefaction in the early stages; later 
there are small punched-out areas. There is a remarkable alteration in the 
plasma proteins, consisting of an increase in the globulin fraction, usually 
with a pronounced elevation in the total plasma protein. In this respect 
the disease resembles multiide myeloma, kala-azar and lymphograiniloma 
venereum, in all of which elevation of the plasma globulin is a distinctive 
feature. 

The lesions are rounded, circumscribed masses resembling miliary 
tubercles, the chief component of which is epithelioid cells, together with 
macrophages, giant cells, and occasional eosinophils. It may_bo_difficu!t 

to. decide between sarcoidosis 



and -tuberculosis, particularly in 
a lymph node, but the peculiarly 
clean-cut, almost diagrammatic, 
character of the sarcoid le.sions 
help the observer in his decision. 
The giant cells are larger than 



Fig. 65.— Asteroid in siiant cell in sar- 
coidosis. X 12-10. 


those of tuberculosis and contain more nuclei (Fig. 04). Inclusion 
bodies, both '‘asteroids” and the spherical Schaumann bodies with calcified 
concentric laminations, may be a striking feature of the giant cells. Neither 
of these, however, is pathognomonic of sarcoidosis. Tlio-asteroid inclusions 
consist of clear areas containing a d:irk central body from whicli radiate 
delicate spinous processes gii’ing ati appearance of ti starfish (Fig. 05). 
4'hey may be derii’cd from lipids which tire no longer soluble in fat solvents 
or may represent protein deposits on former lipid crystals. Excellent 
illustrations ol the various inclusions will be found in Engle’s paper. There 
is a striking tind characteristic absence ol caseation, and there is generally 
no surrounding lymphocytic infiltration. Fibrosis increases with the age 
of the lesion. Silver stains show a delicate reticulum which is absent owing 



TUBEItCVLOW LESWSS 


147 


to destruction in tubcrciilosls. In the later stages of tlie <!i'Hrn?e tl»e lesions 
undcrKQji.JiyaJiiiiLtwnsfonnatioii. Tcilum suggests tliat this is <luc to tlie 
precipitation of a liotnogonet)us substance (yglobulln) in tlie rcticulocndo- 
tiielial cells. This substance*, which he refers to ns panininilohl bcciusc of 
its n'sctnblancc to ainxloid, seems to be re4ate<l to tlie hyperglobulincmia 
ami in.ay be a pnxhict of the jilasma cells. The process may repre*sent an 
antigen-antibody reaction. 'I’lie difliculty is to name the antigen. 

A fresli outlook on the natural history of the* disease is sugge-steel by 
llarrie and Ilogoch. From an examination of a large amount of material 
the*y believe that granuloma formation is ptccedcd.by.n diffuse mononuclear I 
erll proliferation and infiltration in all the sites e\herc granulomas are j 
found, {. c., tlie lymphatic and filter systems (nodes, spleen, marrow). A 
similar infiltmtion is found in tlie lungs, liver, heart, salivary glands, and 
cvntral nervous system. These lesions art* prominent only in early biopsies 
or when <lcath has occurred early in tlie iliseasc. It would appear that a 
foreign agent may be taken up by the mononuclear pliagocj-tes, which 
react by proliferition and are changed into mononuclear cells, the grami- 
loma rei)rt*senting a stahiliy-ation of the plrngocytic prt>ces.s, the purpose 
being to isolate the foreign agent. The granuloma then disappears or may 
he followed by fibrosis. I’hcre may be widespread fibrosis of the lungs, 
which tnay explain some of the cases of soKsdletl Idiopatliic pulmonary 
fibrosis. 

Tlie rlhlogij of sarcoidosis is uncertain, or, if one prefers it, unknown. 

It may be an atypied manifestation of tuberculosis. 'Jbe evidence in favor 
of tliis view is well suinmarired by ('ameron and Daw«on. Occasional 
eases are reported in which tubercle bacilli have been i^olatw) from sarcoid 
lesions both by culttire and animal inoculation. More probably It may lie 
a chronic gnumloma closely re>emhliiig ttilicrcitlosis hlMologically but 
ctiused by some muUscovonxl agent, possibly a virus. Finkertoii and 
Iverson have shown that subacute and chronic histoplasmo'^is givi*s clinical 
and patliologicid features identical with those of generalized sarcoidosis, 
the fungi when killed appa^•ntty liberating an antigen which stimtilau*s 
tlie formation of iioncawatiiig granulomas. Tl|£<lea<l histophisma, whieli 
lUay-beJnvbiWe.w'itlihemntoxiljn and eosxu, aiv shown up by ilic.}X’riodic 
acid-Sehiff stain which colors the csipsulc. Such oh«crvations as these 
suggt*st tiiaiTiK'rh.Tps'the wi'x* view to adopt is that sarcoidosis is not an 
etiologic entity due to any one cause. 


TUBERCULOID LESIONS 

'’Granulomatous lesions are not infn'queiitly encountered which l>oar a 
^‘scmblance to tuberculosis or sarcoidosis histologicidly, but wbieh ore not 
manift-'tations of tlic.'s? general disonlcrs/ Such h*bions may be calleil 
tubercu!oi<ls. A s-ncoid wliich is not associatwl with tlic genendizet! disease 
may al ‘'0 lie n*gard«! as a tul>creuloid. A fon*»gtr4»f>rly, a pictalriv-funrtts, 
or an antigen Jil*<'nitcdJ>i_ili^»teffrat»ng ecUajnay uxciUiJjUuocytic-firo- 
lifeT^ion witli.Uic.formalioiLof.cpilbcIio»d and tliat a non- 

<”a5ontitig granuloma results. 
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the hmu's show a peonUar nMii.'uIatt't! rnvolaclii'n in fin- rnrly rtasn's; laloi 
there are. small pnnehed-ont areas, lla’ia' is a retuarkahii' allei'iitinn iti lla 
plasma pnUoius. etm.-istiju: of an inereasr in tin' a:lo!>tilin fra('tioii, u ■.^all^ 
with a ])r<momK’eil olevation in the total plasnia proti'in. In thi s re-spec 
the disease reseinhles innltit'le myeloma. Inda-a’/sir and lymphoyninidomi 
veneremn, in all of which «dev;tlion ol tin* plasma ^lol)iilin i • a di;-.(ine|i\-( 
feature. 

d'he lesions are rounded, eiiaaunserihed masses re-semhtine mili;\to 
tuhereles, the <'hief eomponeiil of whieli is ej)itht'lioid eelln loitelher will 
maero])ha^<'s. ^iant eells, .and oeistsional e(>sinopItils. It may he (!ifli(a,il 

to decide hetween sareuidosi 
and tiihereiilosis, j),'irtieularly it 
a lymith node, hut the peeiiii.arl; 
elean-eut, idinost diam‘ammatie 
eharaeter of the sarcoid lesion 
help the ohserver in hi.s deeisitm 
d'lie pn'ant eells are lareer thai 


Fig. G5. — Asteroid in fiiiint cell in s.ai 
coidosis. X 12-10. 

those of tuberculosis and contain more nuclei (Fig. Gd). Inclusio 
bodies, both “asteroids” ;tnd the spherical Schaumann bodies with calcific 
concentric laminations, may be a striking feature of the giant cells. Neithe 
of these, however, is jiathognomonie of sarcoidosis. TlKuistcroid-inclnsioii 
consist of clear areas containing a dark central body from which radiat 
delicate sjnnous processes giving an appearance of a starfish (Fig. 65^ 
They may be derived from lijncls which are no longer soluble in fat solvent 
or may represent protein deposits oit former lipid crystals. Exceller 
illustrations of the various inclusions will be found in Engle’s paper. Thei 
is a striking and characteristic absence of caseation, and there i.s generall 
no surrounding lymphocytic infiltration. Fibrosis increases with the ag 
of the lesion. Silver stains show a delicate reticulum which is absent owin 




Fig. G4.— Sarcoidosis. X IGO. 
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to (Icstniction In tubiTciilosis. In the later stapes of tlic tlie lesions 

mulwKa.a.liyaJine_tr:uisforination. Teiliiin sllf:j;e^ts tliat tliis is due to tlie 
precipitation of a lioinosciu'ous substnticc (?Klnbnlin) in the reticulocndo- 
tlielial cells. This substance, wludi he refers to as paraamyloid bcciusc of 
its rc<cnil)(ance to amyloid, seems to be lelatetl to the liyporglobulincinia 
and may be a jmHluct of the jdasma cells. The process may represent an 
antigen-antibody reaction. The dlUicnlty is to name the antigen. 

A frcslj outlook on the natunil history of the iliscasc is suggested by 
Ilarric and Ilogocli. From an examination of a large amount of material 
they believe that gramiloma formation i^ preccdctLby. a diffusumoiionuclcar 1 
c<‘Il .proliferation and infiltnition in all the sites .where granulomas.nro 1 
fotmd, ». e., the lympiiatic and filter systems (nodes, spleen, marrow). A 
similar infiltration is found in the lungs, liver, licart, salirary glands, and 
eeiitnd nervous system. These lesions arc prominent only in early biopsies 
or when dcatli lias occurred early in the iliscasc. It would appear that n 
foreign agent may be taken up by the mononuclear phagoc.vtcs, wliicli 
react by prolifenition and are changed into mononuclear cells, the granu- 
loma R'preseutiug a stabilization of the phagocytic pn)ccs.s, the purpo.se 
being to isolate the forx-igii agent. The granuloma then disapjiears or may 
be followed by fibrosis. There may be widespread fibrosis of the lungs, 
wbieli may explain some of the cases of so-cd!ed idiopathic pulmonary 
fibrosis. 

'i’he ctioh^i! of sarcoidosis is uncertain, or, if one prefers it, unknown. 
It may be an atypietd manifestation of tuberculosis. 'J'hc endence in favor 
of iliii view is well summnrirwl by Cameron and Dawson. Oeca.sional 
easi's arc reixirtwl in which tubercle bacilli have been i>olatwl from sarroid 
lesions both by culture and animal inoculation. More probably it may be 
a chronic gnumloma closely resembling tnl>crctjlosis Instologiadly but 
BUJvSed by .some nndiscoven'd agent, jwssibly a virus. J’inkerton and 
Iver.>on Imvo shown tliat subacute and chronic histoplasmosis gives clinicnl 
and patliologieid features l<loutical with those of generali?c<l sarcoidosis, 
the fungi when killed ajiparcntly liberating an antigen whicli sliimilatcs 
tlie formation of nonciseating granulomas. Tliejlead bistoplasnia, which 
UiJiy.beiuYisibU’.with liejuatoxylin and eosin.-an* i^fiown up bj-the-perirxlic 
aeid-f'cliiff .stain wbicli colors the capsule. Such obstTvations ns these 
suggest tlilu i>o’rbaps'tb’e wise ww to adopt is that siircoidosis is not an 
etiologic entity due to any one cause. 


TUBERCULOID LESIONS 

■^Granulnmatous Ie.dons are not infivqucntly cncoiinteretl wbicli bear a 
n'semblance to tubcrculoMS or wrcohlods histologicsdiy. but which are not 
mnnife'tations of these gencnil disonlcrs/ Such K-slons ma\ be c:ill«l 
tuberculoiil.s. A sarcoid winch is not associated with the gemralired disease 
may a!«o bo reg.mUxl ns a tul>crcu!oid. A fuft'ipn-b^.' . a niclalro-fungus. 
or an antigen Jil>enitcdJ?y_dIsinU^nuing-cclh.uiay cxdtc.ijUu<«rtic.pro- 
lifel^ion witlLUic.foiinaliQu.of.epitljeIioid.and giant cclb,.so Uiat a non- 
aiseniting granuloma n'sults. 
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the bones show a peculiar reticulated rarefaction in the early stages; later 
there are small punched-out areas. There is a remarkable alteration in the 
plasma proteins, consisting of an increase in the globulin fraction, usually 
with a pronounced elevation in the total plasma protein. In this respect 
the disease resembles multiple myeloma, kala-azar and lymphogranuloina 
venei’eum, in all of which elevation of the plasma globulin is a distinctive 
feature. 

The lesions are rounded, circumscribed masses resembling miliary 
tubercles, the chief component of which is epithelioid cells, together with 
macrophages, giant cells, and occasional eosinophils. It may„bc_di(licult 

to. decide between sarcoidosis 



Fig. 64.— Sarcoidosis. X IGO. Fia. 05.— Asteroid in giant cell in sar- 

coidosis. X 12-10. 


those of tuberculosis and contain more nuclei (Fig. 64). Inclusion 
bodies, both "asteroids” and the sjiherieal Sehaumann bodies with calcified 
concentric laminations, may be a .striking feature of the giant cells. Neither 
of the.se, however, is iiathognoinonic of sarcoidosis. The. asteroid inclusions 
consist of clear areas containing a dark central body from which radiate 


delicate spinous processes giving an appearance of a starfish (Fig. 65). 
They may be derived from lipids which are no longer soluble in fat solvents 


or may represent protein dejiosits on former lipid crystals. Excellent 
illustrations of the various inclusions will be found in Engle’s paper. There 
is a striking and characteristic absence of caseation, and there is generally 
no surrounding lymiihocytic infiltration. Fibrosis increases with the age 
of the lesion. Silver stains show a delicate reticulum which is absent owing 
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to destruction in tuberculosis. In the later stages of tlie di'H^'nse tljc lesions 
undt^QjLliyaJini^transforniation. Teiluin suggests tliat tliis is due to the 
pa'cipitation of a lioinogenwus substance (^globulin) in tlie rcticnlocndi>- 
thelial cell.s. Tiiis stibstana*, whicli be ri‘fcrs to as 2 )iiranm.vloid because of 
its R'seniblance to amyloid, seems to l>e n.‘!ate«] to the hyjHTglohulitifmiii 
and may he a i)riMlnet of the plasma cells. The process may represent an 
antigen»antibo<ly reaction. The dilHcnlty is to name the antigen. 

A freslt outlook on the natural history of the dt.«case is suggested by 
Harrie and Ilogoch. From an examination of a large amount of material 
they believe that granuloma formation is pa^ccded by,a dillusc mononuclear | 
(yll.prolifcnitiou and infiltration in all tlie sites where granulomas nrei 
fitnnd, T. c., the lymphatic and filter sj'stems (nodes, spleen, marrow). A 
.similar infiltnition is found in the lungs, liver, heart, salivaiy gland*', and 
(Tiitral nervous s\ stem. These lesions are prominent only In early l)iiipsics 
or wlien death has occurrc'd early in the dist^asc. It would appear that n 
fort'ign agent may he taken up by the mononuclear phagoc\1es, which 
rc'uct hy pntlifenition and arc changed into inonomiclear cells, the gninu- 
loma R'pri'senting a stahilization of the phagocytic proct*ss, the purpose 
heing to Isolate the foreign agent. The granuloma then dk'ijijH-ars or may 
lie followed hy fibroMs. There may be widespread fibrods of the lungs, 
whicli may explain some of the ca«cs of so^llwl idiopathic pulmonary 
fibrosis. 

The rtioloffjj of sarcoidosis is uncertain, or. If one prefers it, unknown. 
It may lie an nt,\ picsd manifestation of tuliereiilosls. The e\ Idcnce in favor 
of this view is well summari7ed by Cameron and Dawson. Oeensionnl 
ease,s are rc‘porte<l in whicli tnliercle Imcilli have bten isolat«l from jcirx'oid 
lesions lioth liy culture and animal inoculation. More proliably it may In* 
a clironie gmnulonia clo«ol.\ rc«cinhling tuberculosis histologically but 
(•sm''i’d by .‘>ome undiscovere<l agent, possibly a vims. Pinkerton and 
Iverson have shown tliat subacute and dironic histoplasmosis gives clinical 
and pathological features identical with those of generalized sarcoidosis, 
the fungi wlien killwl apparently liberating an .antigen which stimulates 
the formation of nonc;isoating granulomas. TluMlend histoi)la'«ma, whidi 
iuax.beinYisible,with hematoxiiln and cosiii, are sliown iip-bv the periodic 
ncid-PehilT stain which colors the capsiJc. .''uch oli'HTMitions iis t!ies<‘ 
sugge'^~tlinri)orhap''”the wise view to adopt is that sarcoidosis is not on 
etiologic entity due to any one cau<^^. 


TUBERCULOID LESIONS 

^Granulomatous !e.«inns are not infn'queiitly encountered which Uxir a 
n*scmblancx' to luberculo'is or sarc»>hlosi< Iiictologimlly, hut which are not 
manifestations of tlicsc general di'onlcrs/ Jaudi h-sions maj be called 
tubercul(»ids. \ sTn»id w Inch is not a.ssociatoil with the generalizotl disease 
may aUo l)e regnrdrtl as a tnl>ercuIoid. A fsit»4gTrbod\ . a pietalr^-fungns, 
or an antigen.lilMTnted.byjdiionU’giating-sx'Ui.ina.Y. excite. JiUtiotatic-jirtv 
lifiTanon witU.tlieJonuatiou, of,cpitbelwid.aiid giant _c?.‘nf,.so Umt a non- 
c.istating gnmuloma results. 
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BACTERIAL INFECTIONS 


The talc granuloma of the peritoneum due to the presence of crystals of 
magnesium silicate in the dusting poAvder of a surgeon’s gloves is an ex- 
ample of a reaction to a foreign body. Beryllium granuloma is_an example 
of a metal producing a similar reaction. Fungi such as coccidioides^ im- 
mitis and histoplasma capsulatum may cause lesions identical with those of 
sarcoidosis. Tub,erculoid-(sarcoid-like) lesions may occur in lymph nodes 
draining the seat of , a primary .carcinoma (Symmers), In such a case the 
granulomatous reaction may result from the presence of irritant products 
released as the re.sult of necrosis or of the action of radiotherapeutic agents 
on the tumor. Sarcoid lesions may be seen in lymph nodes draining the 
lesions of Crohn’s disease and even in the wall of the ileum. Giant cell 
granulomas in Riedel’s struma of the thyroid which represent a reaction to 
liberated colloid may be mistaken for tuberculosis. Even a virus may ex- 
cite a similar tissue response, as is seen in lymphogranuloma venereum. 
Many other examples of such tuberculoid reactions could be given. 

ITom all this it becomes apparent that the diagnosis of tuberculosis on 
purely histological evidence is not as simple a matter as one might think, 
and this is. even more true of sarcoidosis. McDonald and Weed point out 
that tubercle bacilli may be obtaihed~by culture or animal inoculation 
from tissues on which a histological diagnosis of Hodgkin's disease and 
sarcoidosis has been made, and conversely that a biopsy diagnosis of tu- 
berculosis may be reversed by the bacteriologist’s subsequent report of 
brucellosis, histoplasmosis, or coccidioidomycosis. 

As Engle points out, the sarcoid-like granulomas form a spectrum when 
considered with regard tojiiclusions. At one end there are the cases with 
giant cell inclusions of asteroids and lipid crystals; the granulomas are 
unexpected findings, they are unconnected with the cause of death, they 
occur in a limited number of organs, and they are associated in some cases 
with abnormalities of lipid metaliolism. At the other end of the spectrum 
the inclusions are Schaumann bodies without lipids, the lesions are widely 
distributed, and there is no tlisturbance of lipid metabolism. 


LEPROSY 


Ijoprosy, like tubereulos-.s and syi)liilis, is an infective granuloma, and a com- 
ptirison of tlicse tlireo diseases makes a good e.\ercise for the .student of patholog}-. 
It caufod by Ikieilln.^ lepne, an acdd-fa«t bacillus closely re.?embling the tubercle 
bacillus. I nlike tlie tubercle bacillus, the bacdlhis of leprosy has not been cultured, 
nm- h.ave laboratory animab kaui infected suece,s.sfully. The e.x’aet mode of infection 
is not known, bnit it is probalily by direct contact. Ulcerated lesions of the no.se 
and <kiu may di-r!uirgc enormous number.s of bacilli. In spite of the popular 
opiui.m, the di-easc is only sliehtly contagious. Intimate and long-continued 
contact i.- necessary for infection to occur. Nurses and doctors in charge of leper 
co!onic.s arc very seldom infected if they take jiroper precautions. The incubation 
tr-r'.od ;s lonv and tlie exact time unknown. 


TiiC bacilli : 
k‘s;o!is a'.e ti;i 
clinical tyjuis ■, 
lit the foruu-r 


ire distributed wi.iely throughout the body, but the mo.st important 
>'C of ti'.e skin and the nerve.s. Corre.sponding to tliese !e.sion.s two 
.ue Tccoguixed, the nodular or tubercular form and the oncathetiejonn. 
uodulc.s or mass.^^: are formed in the skin, particularly of tiie face, 


u:piiosY 
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bJir'I',j'n'l_frclijn_tiicJi;ittCLi!i'’j:(*,arc,ancaUiclic.|)a!c]iC5 oix Uic^kiii. Tlie two 
forms nrc frrnupntli* rombinod. A rcHutir i;mtiuL*itinii tiv.iip is formr^l. 'Dih 
coni|K>MHl mnmly of large mononuclear rrlN-kn««n «•» Ujirn crlh. TIum' ii“ua!l\' 
have a palp foamy apjicaranrp owing ton liigli Ii|ioi<] content Tlipj may l)pprot\dr<l 
with acid-fast bacilli, the fourcp of the )i|mi(!. Jjompof the roll* attain a large «i7c 
and may !« called giant cella, hut they are quite ilififerent from the multinuclcatpd 
giant cells of tul>ercnl()sis The new gmnul itioii ti'Mie is dilTu'-p, anti iloes not ‘how 
the grouping of the cells into follicles so ^•J>•l^Ictpr^••lip of tij})erpulo«is. Xor is there 
any ca'-eation, but ulceration of the ‘•ui>erfii*ial Ii*siims i- eommon, so lint there may 
lie great destruction of the fingers, no-j*. cars, etc., sntli terrilde disfigurement. 
I>'j)rous lesions arc found in tlie h\er, spleen, and other organs. 



I'm Cfi — Ncr\c lc»lon In leprosy Nerve bundles bound together bv fibnius 
X IS 


Tlie lesions of the ncr\ e trunks are peculi »r to lepro«> . Tlie.\ 0( cur in the mxliilar 
ns well ns in the anesthetic form Tlicrc h a iHTimuritis. anr! the Ihn krntsi nerves 
ran lie felt as eonls under |}ie>ktnof thenrm and leg Tlie lurilh [lenetrite lielneen 
tlie niTve bundles, and there i« first a fornwlion of loovc granulation ti'-iie and hf< r 
fibrosis, (Tig. Cfi) Tlie nerve fillers are de<lroye«l, mi tint anesthetie .in'.as are 
produee<l. followed later by motor and trophic di«onlers Tlie destnictne lesion« 
already nieiitionetl may lie |«rtly trophic, but in |>art they are due to loss of sen- 
sation with ‘•ul>M'(juent injury. 

Tlie clinical iliagnosis is seldom difiiruU (noihilir legions and .ane-thetic patches), 
but in iloubtfiil CAM-s the acid-fi*t levrilhcan liedemonstrato*! in the .!i*« lurge frem 
till* no-e and tlie skin !e<ion«, or a section of skin can lie removed .and «t,ainc*l for 
lepra Kacilli. In .active ca-es of the rut.aneous taqie mvTiads of banlli mnv Im f.iund 
in smears of N-nim made from .a small incision in any |vart of the ‘kin. evtn IhoTigh 
it nwy api'car quite nornwl. In the none Ireions, on the other Innd. Iticilli ran 
reldom l<* ilctoctevl. 
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Tlie title granuloma of the peritoneum due to the presence of crystals of 
magnesium silicate in the dusting powder of a surgeon’s gloves is an ex- 
ample of a reaction to a foreign body. Beryllium granuloma is an example 
of a metal producing a similar reaction. Fungi such as coccidioides ,im- 
mitis and histoplasma capsulatum may cause lesions identical with those of 
sarcoidosis. Tviberculoid-(aarcoid-like) lesions maw occur in lymph nodes 
flraining the seat of a primary. carcinoma (Sjunmers). In such a case the 
griinuloraatous reaction may result from the presence of irritant products 
released as the result of necrosis or of the action of radiotherapeutic agents 
on the tumor. Sarcoid lesions may be seen in lymph nodes draining the 
lesions of r rohn’s disease and even in the wall of the ileum. Giant cell 
granulomas in Riedel’s struma of the th>Toid which represent a reaction to 
liberated colloid may be mistaken for tuberculosis. Even a virus may ex- 
cite a similar tissue re.sponsc, as is seen in lymphogranuloma venereum. 
Many other examples of such tuberculoid reactions could be given. 

From all this it becomes apparent that the diagnosis of tuberculosis on 
purely liistological evidence is not as simple a matter as one might think, 
atid this is (?ven more true of sarcoidosis. McDonald and Weed point out 
that tubercle bacilli may be obtained by culture or animal inoculation 
from tissues on which a histological diagnosis of Hodgkin's disease and 
sarcoidosis has been made, and conversely that a biopsy diagnosis of tu- 
berculosis may be reversed by the bacteriologist's subserjuent report of 
brucellosis, histoplasmosis, or coccidioidomycosis. 

.\s Engle pf)ints out, the sarcoid-like granulomas form a spectrum when 
considered with regard to jnclusions. .-Vt one end there are the cases Avith 
giant cell inclusions of asteroids and lipid crystals; the granulomas are 
unexpected findings, they are unconnected with the cause of death, they 
occur in a limited number of organs, and they are associated in some cases 
with abnormalitii'S of lipid metabolism. .\t the other end of the spectrum 
the incliHions are Seliaumanu bodies without lipids, the lesions are Avidely 
distributetl, aiul there is no disturbance of lipid metabolism. 


LEPROSY 

Leprosy, like fubereulO'N and syj>hilis, is an infective granuloma, and a com- 
puri-;''!! (if the.w tliov'- makes :i iii)(al e.xerei.so for the .student of pathologA-. 

It '.s f;iusc(i i)y iku'illu' lepra', an aci'l-fast bacillus clo.?eh' rc.-cmhling the tul)erele 
l>.;eillus. 1 alike tlic tiiberde bacillus, th.e i'aeillu.s of leprosA' has not been cultured, 
0 ='! h.ave laboratory a.iiinials Ix^en infeeted sueeessfully. The e.xaet mode of infection 
is t;<d known, b'lt it is prulndily by (iirect contact. Ulcerated lesions of the nose 
and skin m.uy dis<-!;:irae enormous numbers of bacilli. In spite of th.e popular 
op’.n’. 'n, t!w d’se.r-w is (jniy .diahtly contagious. Intimate anri long-continued 
w.'-ita.'.-t is I'.ece.-sa.ry .fo.- infection to oeeur. Nurses and doetor.s in charge of leper 
.•oloni.rs ;.,re very .seMom inUeted if they take proper precautions. The incubation 
• ! is Iirm' and th.e exact time unknown. 

Ti e bx.-illi u-e dist!idut.H widely througlmut th.e body, but tlie most important 
vf tin? skin .-.nd the tmrves. Corre.spondimr to these lesdons two 
vlu.vnl tyjK-s ate rret.a.ined., tbc nod alar or luhradur form and the anvdhilh- form. 
iti t..v f'.'r:n...-r n'>jule.s o.- i:niss,ss -re formed in the .skin, parti.'ularly of tlio'face, 



lephosy 


uo 

}i:vnt}a^_nnfljiyt ; in tlicJa ttoMli^rp ftre ancathctic-palclicii on Uicikin. Tlic two 
forms lire frequently eomhined. A celluhr };Rinul*ittnn fK^ue i« formed. Tiit' i' 
romjKived mainly of hrec munonucl«tr knowirn'* If’prn cflh. Tlie'^o UMially 
liaioainic foamy apjX‘.nr.nnopo\\inKt«iahfphlu»ntdrontcnt. Tliry may l>orrrn\dcd 
with acid-fast hacilli, the source of the li|K>id. ?oine of (lie celN athiin a lircc stre 
and may lie called cunt i ells, hut they are quite different from the multinuclc-iteil 


l»e Croat dc.struction of the fincer-. no'C, can-, etc., with terrihlo ilisfiKurpmcnt. 
leprous lesions arc fnumi in the h\er, spleen, and oilier orc*in.« 



X 18 


The li'sioiis of the nc^^e trunks are iiectilnr to lepro^x. Iliex nrrur in the nodular 
ns wtII ns in the anesthetic form Tliere i« a |>erineuritis. ntul the thirkcnrsi nerx i--. 
ran lie fell ns eord< under the «kinof the arm and lec Tlie tncilh j>rnetrite U-tweeu 
tlie nerve hund!e.s, and there is first a formation of lonso cmnul ition ti'^ue and I ifer 
fihro«is, (I“ic. <'>'*» 1 Tlie nerve filicrs are de«lroyr«l. *0 th it anesthetic areas are 
prcKlured, followed liter by motor nnd trophic disorder? Tlie c|f«truftnc K-sions 
alrrady mcntione<l may lie {tartly tropliie, hut in jtart the\ nn- due to loss of *en- 
Fafinn with Fuhsequent injury. 

Tl>e clinical dnpnosis i< seldom diffinilf (noiluhr le«ton« and mesthetic {ntchesK 
hut in douhtful case^ the acji!-fn*t Inrilli ran l<e demonstrate* j m the th-' !D*^e from 
the no«<« and the «kin lesions, or n section of «kin ran remo\e.i a^r^ sfameil for 
Icpm IncilH. In nctixe ea«e« of llie cutineous ix-pp nxTiitl* of Inrjlh nLix \<r- fourd 
in smears of scnini made from a small incidnn in any jvirt of tlie skin, even though 
it m.iy aj'ix*.nr quite normal. In tlie nenT le«inn«, on the other liand. lacslh ran 
seldom lx* <letcrte<l. 
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BACTERIAL INFECTIONS 


SYPHILIS 


Sy 4 )hilis is- a- spirochetal infection-in^vhich the .organisms enter throiigh 
thc-skin-or- a.mucous membrane^ and-bccome-widely rlistributecl throughout 
the body long -before a local lesion is produced. Every organ may be in- 
feeted, and nearly every disease may be simulated by syphilis. Of all 
diseases it is the most subtle. It is a master^Xdisguise. There is no symp- 
tom vhich it cannot cause, no syndrome for which it may not be responsible. 
The incidence is said to be not less than 5 per cent of the population. At 
least 500,000 new cases occur every year in the Enited States. It is more 
common than measles, twice as common as tuberculosis and is responsible 
for 10. per cent..qf_all cases of i nsa nity. It is therefore essential to keep 
.syphilis in mind in every differential diagnosis. The problems of the etiol- 
ogy and treatment of syphilis have engaged the attention of investigators 
for hundreds of years, Imt the fundamental contributions to our present 
knowledge were all crowded into the first decade of the twentieth century. 
In 1903 Metchnikoff and Roux succeeded in inoculating a chimpanzee with 
syphilis, in 1905 Schaudin n.and Hoffman di scovered the ,Spir( 2 ch£eta.pal]ida, 
in 1900 Wassennaiin publishe(i.his. complement-fixation test, and in 1910 
Ehrlich introduced the arsenical treatment (“OOU”) to the medical pro- 
fession. This in turn has been replaced by penicillin. In the knowledge 
of no other disease have such extraordinary advances been made in so 
short a time. One of the most remarkable chapters in the history of syphilis 
is the story of how .lohn Hunter inoculated-himseU’ on the glans and prepuce 
with the discharge from a venereal sore, and proceeded to observe and record 
with the detachment of the scientist the lesions as they appeared and 
disappeared o\er a period of three years, lie experimented with various 
forms of mercurial treatment, i)Ut always stopped when there appeared 
to be danger of curing the disease. The story may be read in Long’s 
Readings in Pathology. 

Until recently syphilis was one of the most important diseases in the 
world, and the doctor had to know its multitudinous late manifestations 
as well as its early lesions. It has now fallen from its high e.state on account 
of treatment with antil)iotics, and the late manifestations are rapidly 
becoming a thing of the pa^t. For this reason the hfflowing account will 
be greatly abbre\iated from that of jn'evious editions. 


Natural History of the Disease. - In the \ast majority of case.s infection 
i.' accpiirt-d during je.xuu! intercoui>e. 'I'lie spirochetes may be present in 
recent le.-viens on tlse genital organ-^. or they may be transmitted in the 
>'-’.ueu many \ ears a.fter tlie original infection, d'here nniy be extragenital 
in.iecti'in on the liji'- (ki>-^ing;!. mouth, tongue, fingens, or nipple (nursing 
an iniected ehiliF. 'ihe >pirocliete.s may penetrate an nni)roken mneons 
'-.cm.br.mc, Imt it i-; unlikely tlmt tliey can enter the skin unle.ss there is 

/•I- I .V •! 




'1' ‘H. 


if a geii'-ra! 'y^temie infeetion iu the eemrse of whieh certain 
• i' -V'Ce are p.o.dia ,.d vhi-h a.re sullicientiy striking to attract clinical 
l-'vg beUe,- the lir-t lesion fcbanere'i appears the sj>iroehetes 
' ted. the . T.tn-e l»M.ly. Wh-’n a.i! ijifeeted needle i- pa-sed through 
a , ’e-o.-le :,,j\ t!.,.- te.-t’ele removed in. forty-eigiit hours, in a week’s 
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time tlic 1)1o(k! is so Iieavily infcctctl with spirochetes tlmt 0.5 cc. vlll trans- 
mit the disease. 

AVlien the spirochetes j)enctr;vte the surfjtv they invade the p<Ti'ascular 
lympli spaevs, nm!tipiy,e.\e<-ediuply, und pour into the repionai lyinpiiatics 
an<l tlie hlood stream. It is evident that no treatment of tlie IfR-al le-'ion. 
wliiclj (Mily ilevelops after penera! inh'ttion has oeernTw!, can have any 
eifect on that infection. The disease !» dividwl elhiically into tliroc stapes, 
'i'hese stape-i itulicate that <lifTerent sets of ti^Mlcs are <level<*i)inp n Iiyj)cr- 
sensitiNones.s uhieli causes tliern ttuvact to the irritant sufTieient!\ violently 
to produce tlic symptoms of di.^asc. The organs vary in tite time they 
tahe t(» develop tliis h\ persensitivtwss, some are early, others late. The 
stapes are .''efiaratcd by curious latent inlervalj«. These stapes and intervals 
have nothing to do with the spread of the infection, for that has alreatly 
taken place. 



I'k! fiT.— rr.»cluin I.\ni|>h<>cyiOHi»n«l cHI- crJlrettn! arountl »vfi> •riwll 

vc'-oN «illi -wyllrti rn‘J««l»dium X 500 

'I’he -.pinHhetes in the peri\aHnlar lymph •sp.nres excite the «\ 7 »hilitie 
reaction. 'ChiiJHlliS»stS_oLail_«‘'<*ojpd*'itiony>f mononudmuLadL.~uhifn\ 
li mph'H;J tes-and pldima.ccIN, (Fip, 07.) 'ChuJalter i< the charadXfL-tic 
cell of.syphilis^in IuIm h uIo'>i< it i'* not at nil iirominent. hut in non---iHrifir 
inn.unmation<i it i^ sometimes prex^nt in l.trpi' numl)or,s. 'Flic nc'v ti-'uc is 
highly vavrular in ^•<»mII.^ri«^ln nith the axnsoul.xr lesion of tulnrctilods 
Swellinp of th<* eiiilothtliuni lining the osipillaries max cauv u.nrroxxing of 
the lumen nr nb'truction. Librublusts ait* stimulatisi to proliferate, aiul 
XV lien he.iliopH'ls in Uiere max l»t* iimrUsI (ibnt^is. In late lesions (tertiarx 
‘‘face) nfs'n»'is is frtYpjeni feumma foniwthii}) imd is .a— >a.Tf»tJ with fJo , 

. - ■ ^ / 
/ 
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presence of c;iant cells, but these are far less niirnerous than in tuberculosis, 
As.the result of. the, inflammatory reaction the spirochetes die out locally 
aud healing. occurs, with replacement of the inflammatory cells by fibrous 
tissue. But unfortunately clinical healing does not correspond with cure, 



Fu;. tW — Prii;i;u-y -yi'l’iii'.tic !c-.'ion shov.-iri'i: surface epilheHum, marked vasc\ilariiy 
of viivcul-r cri'Jo' helium, aud den^e round-ceH infiltration. X 250. 

.MUiic ihmspirocheles may survive. In the etiuixe of time the ti.ssue 
iuu iunity v.tvrs ol!. ;uid then die .spin.)eiieie.s revive, multiply a.jtain, and 
e.-iU'c a. tvhip'v. i lii-: sefiu.ence of events may t:ike place in ;my pttrt of the 
b'-ly. ahli'-uet: it is least likely to occur in tlie primary Itcditn where the 
k’-ai a •!! la.s heeii ne.-t violent. The te.stieles may :ip[)t'ar nonntii 
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clinicjilly, hut virulent spirochetes may he discharpctl in the soiiieii yetirs 
after the Wnssennajin reaction has l)ecoine negative and all pn>5s of 
the (list'ase have disapi)earc<l. It is evident that clinical healing is not 
synonymous vith the cure of the disease. 

The Primary Lesion.— Tiie primaiy lesion appears at thorite oLinociiIa- 
tion. Tills is usually on the genitalia, Imt it may he extragenital (lip, 
fingers, etc.). The.common, genital sites arc the |>enis in the male and the 

^ : *1 - r ... 1 ii - . ■ » » 

^ amt tii:ui,iIgL. ilie pl'iiual^ 

lesion is generally single hut may lie inultiplc. It usually develops in from . 
tlirLe-touioun-wcchs-after-infcction, hut this Intent fxTiod may he as sJiort 
.ns two or ns lon g fis «!iY wpoh s. It first takes the h>rm of a hard no<hile. 

Imt the surface tends to he- 
eoinc ulcerated and a "hard 
.sore*' or chniicrc is fonntsl 
from the surface of which 
enormous niiinhers of spiro- 
elietcs arc discharged. Those 
arc ino.st readily detected In- 
means of the dark*field mctlKKl. 

The chancre is the earliest 
clinical manifestation, hut from 
tlie pathohigical standpoint the 

chancre is rc.dly n late alTair.as . * 

^^e have already seen. The in- * • 

durationJs due .to dense ccll- 
ukrJnfiltration, hut docs not 
appear for the first few d.i\>. 

The floor of the ulcer is a dull ^ . ,, 

r«l l,.,tlatorit ^.o •>;; 

and coppery. It is cliarncter- 
i'tically insensitive. In the 

course of a few weeks healing occurs. \\ helhcr nr not a scar is left d< ik ikK 
on the amount of tissue de.structioii 

The microscopic appearance that of all \vphilitic loitms hut l.ukiiig 

in “late” fcattircs; tlicreisaden'^*aixumuI.ition <if l\niphoc\ ti-^and plasma 

cells cspccially.nround the small ^cl«scIs. and filirohlail."* luuItijiK and lay 
down collagen fibrils (Fig OS). Pestnittion of tissue is K'Mom marktl. 
hut tlio surface epithelium is usuall.' lost. If the soclion is stainwl In the 
Ixivaditi method an incre<lihle numlnT of spirochetes are lirtmcht to \ic^ 

(Fig. 00). Thc-regional l.vmph nodes (incuinal. Mihmental, etc.) arc en- 
largesl in the. primary stace. TIjcs<* notles atv Imrd and sliolfy, hut iu»t 
painful or tender. Tliev thus resrmhle the clmnen- in all respects. Micn>- 
s«^])ieallv the nodes usiiallv merely show a diffiw hyiK-rpIa'ia. I uncture 
of tJie jukIcs ^ull show spi^hetes in the dark-field, and s<i-tions st.-nncl 
hy the U-vaditi methcxl contain gre:»t minders of vpin>cla tcs. , 

The Secondary Lesions. -After the appenmna- of the Vrimp' ^ 

there is a latent peraxl during ^hich oppamitly nil i? veil. If the t. 



Fio O — -pirttclietca m ti-'uo lo 

the f^vadiUJacthtxl X 2500 
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lias not received adequate treatment at the end of from two to three months 
after infection the tissues of ectodermal origin develop the power to react 
and lesions appear in the skin, mucous mcmliranes, and central nervous 
system. These persist for a period of months and then disappear. There 
is no de.struction of tissue (necrosis) at this stage, so that no scars are left, 
but there may be some coppery pigmentation. 

Sccomlani lymphidentih is one of the earliest changes. The nodes all 
over the body are enlarged in distinction to the regional involvement of the 
primary stage. The enlargement is never great, but it may persist for 
months or years. Swelling of the epitrochlear and posterior cervical 
nodes is specially characteristic. 

Skin.— The lesions of the skin are of great variety, but they are sym- 
metrical in distribution (tertiary lesions are asymmetrical), they are poly- 
morphous in type, i. c., present several. varieties of lesion at the same time, 
they possess a copper tinge, and their outline is that of the segment of a 
circle. Like other secondary lesions they do not destroy tissue. The 
lesions may be macular, papular or pustular. A condyloma is a large fiat 
jiapule occurring in moist situations, i. c., between the vulva, around the 
anus, etc. I'hese are swarming with spirochetes and are highly infectious, 
'i'herc may be vivcous patches of the mouth, pharynx, and vagina. These 
are flat su])erficial lesions which have been appropriately likened to the 
track left by a snail. They swarm with spirochetes and are highly infectious. 

The Tertiary Lesions.— The subsidence of the secondary lesions is fol- 
lowed by another latent interval during which all is quiet. In a year or 
not for many years a third set of lesions appears. These are not symmetri- 
cal, they afl'cet deej) as well as superficial structures, and they show a tend- 
ency to necrosis and destruction. TJiey are only slightly infective, for 
they contain only a few spirochetes. These are not easy to demonstrate in 
silver jirejiarations. 

'I'wo imiin types of tertiary lesion may occur. The one is gross and 
localized (the gumma), the other is microscopic and diffuse. The gamma 
is a necrotic, localized, yellowish homogeneous mass of rubbery consistence 
compo.-icd of the usual mononuclear cells. It used to be .so common that 
it had to i)e considered in the differential diagnosis of any mass of obscure 
cliaracter. Now it is hardly ever seen. In . the center of the Ic-sion necrosis 


•and eusc-.nion ocevtr ^Yith the formation of a peculiar gummy material, but 
there is not the same complete wiping out of structure as in tuberculous 
caseation; A few giant cells may be seen at the margin. 

(iiunuu'.ta of the skin, mouth, tongue and nose may lead to extensive 
ulcera.tion. Tiie li\er may show one or several masses (Fig. 70) which 
heal nith tibrod-; so that deep .scars are formed, producing a peculiar lobed 
ap]>e;!rance known h> /e par luhainm. In the testicle the gumma forms a 
h'.inl me.vs \\!\ieh may be mistak.en for a tumor; there is characteristic loss 


of te-tienlar M'nsa.tion on paljtation. (Jummata in the bone.s, the brain 
c'.nd otlar places u>e(.l to }>e confused with tumors of these organs. 

In the ftscj;;.'- tie- spirochetes are widely distributed and .set up a 

dn'ii.'o <hionie irtf'.ainne.ttory reaction with lymphocytes and jdasima cells, 
ti'O.if di-'tn'.ep.oH, but no CLiscation. The princiftal sites are, the thoracic 
; ona, cud le'O.iele. I he most seri(»us of all the late lesions are those of the 
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mitral nervous system wliicli may come on many years after tlie original 
infection, especially ^\llen treatment has been inadwjuate. mav 

aifect eliiefly tlie meninges (sypliilitie meningitis), the brain (geiioral 
paresis of the insane), and the spinal cord (tabes clonsdis). 

Congenital Syphilis.— Syphilis may be transniittwl from the father or 
the motlier, but in all cases tlie mother is infected, nltlioucrh often she 
slio\\s no evidence of the disease. There arc three pos'.ihilitie-j. (1) The 
child may he horn dead, usually showingwell-markwl e\idencr of syphilis 
Syphilis is an important cause of still-hirtli. (2) The child may be born 
alive ^^ith external evidence of syphilis. (3) 'Hie child may appear healthy, 
hut lesions develop later. 

\Mien the child is horn dead the 
appearance is usually cliaractcristic. 

There is_^no_ primary, lesion,, asjn- 
fection takes place_ through^^thc 
placenta. Jl'lic child is usually pre- 
mature and undersized. The skin 
may he macerated. If not, it 
usually shows hullre. Tlie spleen Is 
enlarged, and often the liver. 

Syphilitic-cpiphysitis-is-one of- tlie 
eomtnoncst and most diagnostic 
foaUires. It is'hest seen at the knee 
hy splitting open the loAvcr end of 
the fenuir or upper end of the.tihia. 

In place of the normal tliin, regular, 

^^llitcepip^lyseal line there is a broad 
irregular somewhat j ellow Hue which 
Is highly cliaractcristic. 

The cliief microscopic change at 
tills stage is an interstitial rouiid-ccU 
infiltration of many of the internal organs eoiiibnH'd xMih a \ar\inc degree 
of filirosis. I n tlio Hy erjliis prodiire*; n fine form <*f interc rlhilar lirrlnxi^ 
I^vaditi preparations of the liver, heart, ndruials. eh , <!iin\ mormons 
luimhers of spiroclietcs. It is evident how infe«ti<»iis Mith a Ixxly niu«t 
he, and great c.arc is necessary in performing an auiop*.^ 

If.the child is born alive the skin may show the v.arieil hiions alre:iti\ 
licscribed in the.acquircd form.' Common sites for the le-inttK an- the but- 
tocks, anus, angles of the mouth, and the palms of the hand' and '^'ii s o 
the feet. Iladiating scars are formed .at tlie angles of the mouth whim .m 
Very characteristic. The skin is often wTiiiklc^l. s»> that the (hud has a 
dried-up, w izened appearance. Enl.irgcinent of the spl«-n is ^ ery 
The liver and other organs show tlie changes alre.ady dc'^ri . a 
inueoiis memhrancs show the same lesions as in the nejimref ona. n 
nose there is ulceration and destruction, .so that the bridge of t »• iiom ma. 
fall . 

the ■ , ’ * , 

and periostitis in the long bones. 
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In the. late type lesions develop over a period of years -which stamp the 
patient as beinp a congenital syphilitic. The permanent teeth shov the 
appearance known as “Hutchinson’s teeth”; these arc small, widely-spaced, 
peg-shaped (narrow at the apex), and the central incisors are notched. The 
molars arc pitted and honey-combed. An interstitial keratitis develops at 
the time of puberty producing a ground-glass opacity in the cornea. Nerve 
deafness is common. The scars at the angles of the mouth known as 
rhagades have already been mentioned. Gummata develop in the bones, 
or a diffuse thickening afl'ceting especially the tibia (“saber tibia”). There 
may be involvement of the central nervous system similar to that seen in 
the acquired form (juvenile paresis and juvenile tabes). 


?,i:.Ti:n.--Tlhs rcnwrkable condition .appears to be a non-venereal form of syphilis 
which is ])rcv:i1cnt amongst the Bedouin Arabs. About 75 per cent of the Bedouins 
sliow evidence of infection, altliough there is no gonorrhea amongst them, and sexual 
promisevuty is unknown. It is a disease of the whole community, like measles, and 
is acqiiirofi in childhood, the infection being contracted from some other child in 
the acute stage, probably by means of drinking vessels. The earliest lesions are 
gray jiatches about the mouth, followed by a papular eruption on moist areas. In 
abo\it a year, the lesions vanish, ami the child appears healthy. They may never 
recur, but frequently gummata of bones, skin and pharynx appear many years 
later. The cardiov.ascular and nervous systems arc not attacked. The Bmsser- 
m.'inu and Kahn reactions arc positive. 

lAMi’iio«i!ANei/)M.\ Yi;Ni;tu:i:M.— This venereal disease is commonly known as 
}timj)horir(uiidnvin infiuinalc, but as that name is continually confused with granuloma 
inguinale, !ym!)hogranulom:i venereum is to be i>referreii. It is a cont.agious vene- 
real disc'ase caused by a fi!teral)le virus, which can be transferred to the monkey, 
rabbit and guinea-]i!g. The infection may, however, be non-venereal in children, 
doctors, nurses, ancl research workers. The virus is jn'esent in the prinvary lesion, 
regional lymidi nodes, urethral and vaginal disebarges, jjelvie abscesses, blood 
stream, and spinal fluid. It has Ix'en demonstrated forty yotirs after tho original 
infection. The initial lesion is on the glaiis or vulva: it i.s small and indurated, heals 


quickly, .and may never be noticecl. .'Several weeks later the inguinal nodes become 
eul.aiged, indurated, malted together atid painful, the overlying skin a.s.sumcs a 
bluidi-ied color, fluctuation develop--, and a pundent fluid i.s dischargcfl, leaxnng a 
chronic vilccr of the .-kin with sinu-es; the.-e lesions m;iy be extremely .slow in healing. 
1 he micMisiTipic picture i- the* s.anie in the ])rimarv lesion and the iymj)h nodes. 
1 he bn-ic Ic.-ioii is a fm-al proliferation of large inonon\icl(>ar cells whieli form ;ig- 
gieaaie-. 'I'lie.-.- cells accumulate around ve-seis. invatle their walls, ;uid linally 
obliU'iute thcii lumen (sheldon and Ileyman). This obliteration i.s not a.-soeiated 
Wiih i-ndothi h:.'! j/jolife.'ation or throiubo.-i-. d'ho rc-ult i- tlie formation of small 
-'.Ini gi.-iuulomatou- nodules. I-cbemic necrods follows, with invasion by poh-- 
morj.lionucle o.; the fo’ination of stellate absce.-.-es. .\fter necrosis' oeeuVs 
jhPacytopl-.niio im-!ti-;<ins fCamma liodk-s) m.ay be .-een in the mononuclears. 
Tlime )cp-m"!it p!iagoc_viozed cellular debri-. When sterilize<l [Jiinilent fluid 
OTW- o! ( 1,0 nod--s i- injcctefl intraeutaiieously in a person .stiliering from tiie 
jt pod.ii,-,.. a n'crk.-d rdlcrgi.- 4:in reai-tion. This i- known as tlie infra- 
d. imeht -t of {>.•: Mc! Ih.fTir.nim. ami the -kin .allergy on which it liejjemis persist- 
d ..nt !;!(>. \M .'n t! '' rirus i.s injected into the brain of monkevs or tiiice a 


t,., J, , 

t' C I’sci r. 

.Me S( '! e. 'Or i'l tia- 

VO' ]■■;! it ic't, !, ,„-rl! 


' rsoohiced, and b.uiiii emulsion make- a .-fa!>le .antiget! for 
•h i- prcf,-i;,l,i,. to !!-!!>!. i!;.ater:.al from :in infected per.-on. 
p’.i-!i,-v protein i- omnioii. Tlie di-ea-e i- commoner in the 
isi (he white. Cole sa.w 52 ca-cs its one ye:u’ in C'hwehmd. 
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Rectal stricture is a common comphcation, and in the past has been incorrectly 
attributed to syphilis. Most authors agree that rectal lesions are much commoner 
m women, but Mathe^\-son repof ts 74 cases in San Francisco, of whom 60 were men 
and onl}' 14 women. The site of the primary lesion and not the sev determines the 
incidence of secondary lesions m the inguinal nodes or the rectal nodes Owing to 
lymph drainage, infection of the glans and prepuce in the male and the clitoris and 
vulva of the female lead to inguinal leaons, whereas infection of the posterior 
urethra m the male and the vagina in the female are responsible for inflammatory 
lesions and subsequent stricture of the rectum. On these grounds rectal lesions 
might be expected to be more frequent m the female. The Fr ei-Hoffm.^nn test is 
Earticularly_useful.in.these.case3 of.rectalstrieture.in the female-with no external 
endence of .the disease. Lymphogranuloma venereum must not be confused with 
granuloma inguinale (see below) In the former the essential lesions are in thei' 
IjTnph nodes with secondary involvement of the skm, while the latter is primarily 
a disease of the skin. Xh^P^'esencaof.the.Frei-Hofftnann test and the absence of 
Donovan bodies serve to characterize lymphogranuloma venereum. 


,-.V 
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GRANULOMA INGUINALE 


This is a chronic infective granulomatous condition practically confined to the 
negro and of common occurrence in the tropics and the southern part of the United 
States. It occurs in the anal and genital regions, commonly rommencmg on the 


condition The pathognomonic cel! is a large mononuclear cell from 25 to 00 microns 
in diameter, presenting many sharply defined mtracytoplasmic spares which contain 
small deeply-stninmg round or rod-hke bodies. The mode ol transmission is not 
certain Puncture of the granulomatous lesions «hows the jirc'^enre of numerous 
intracellular rod-like bodies in the mononuclear cells These were first described by 
Donovan, and are best called Donovan bodies (to be distinguished from Ixnshman- 
Donovan bodies of kala-azar) . Tho organism can now bo cultivatcil on the yofk-sac 
of the developing chick embryo, and it has been named Donovania granulomatis. 
Occasionally the lesions are found in other parts of the body— face, mouth, back. 


THE MYCOSES 

The mycoses are diseases produced by the higher fungi. Tlie Jesioos are 
granulomatous in nature, and may therefore be ranked with those of 
tuberculosis, syphilis, and leprosy, but suppuration is common. 
y_/^ctinomycosis.— This is the commonest of the mycoses in man, but the 
disease is much commoner in domestic animals (horses, cattle, pigs). It is 
caused by Actinomyces bovis or ray fungus, so-called because of the radiate 
arrangement of threads at the edge of the colonies. The fungus is a stre^o- 
thrix which forms little yellow clumps in the tissue known as sulphur 
granules.” These clumps are composed of a felted mass of filaments with 
spores and club-shaped bodies at the periphery. The filaments are Gram- 
positive and the clubs Gram-negative. There are several tj^pes of act- 
inomyces, some aerobic, others anaerobic. The great majority of human 
and animal infections are due to anaerobes. 

The method of infection is still imcertain. There is no exndence that it 
is conveyed directly from animals to man, but it is much commoner in 
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farmers and other country-dwellers. Ears of grain have been found 
embedded in the mouth lesions, and the usual view is that infection is 
carried by grain which has been chewed, but the Actinomyces bovis has 
never been found in grains or grasses in a state of Nature. The fungus 
probably becomes an inhabitant of the mouth or intestine in country- 
dwellers, and enters the tissues through some break in the surface, the 
root of a carious tooth, etc. Secondary invasion by pyogenic organisms is 
common, and the resulting suppuration may reduce the oxygen tension in 
the tissues and favor even more the growth of anaerobic actinomyces. 
^Mien once penetration of the surface has occurred the wound heals 
promptly, and the pathological process works away from the mouth, 
intestine or rectum as the case may be. 

A much rarer form of actinomy- 
cosis is that caused by Nocardia 
fistcroides, which is aerobic in 
contrast to the anaerobic Act- 
inomycosis bovis. The lesions are 
far more widespread, involving a 
large number of organs as well 
as lymph nodes. 

Spreau.— The spread is differ- 
ent from that of tuberculosis and 
syphilis, for the lymph vessels and 
nodes are not involved, a valuable 
point in diagnosis. The infection 
starts in the subcutaneous or sub- 
mucous tissue and spreads by 
direct continuity. The lesion may 
rtijjturc into a blood ve.ssel, and there may be blood spread to the liver, 
brain, and heart, but this is not eominon. 
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Fig. 71.— Sulphur granules, photo- 
graphed on slide with black back- 
ground. 


Lesions.— The lesions occur in four chief sites: (1) head and neck (60 
per cent), (2) ileocecal region and appendix (20 per cent), (3) lungs (15 per 
cent), and (4) the skin (5 per cent). A firm mass develops, usually under 
the lower jaw, followed by a brawny induration of the neck. After a time 
the mass breaks down and becomes riddled with abscesses and sinuses. 
These multiple sinuses jierforatiiig the skin are characteristic of actino- 
mycosis. 'J'hcre is progressive destruction ef connective tissue, muscle, 
and bone. The jms contains the tiny yellow sulphur f/rauules from which 
the diagnosis can ino-t readily be made. (Fig. 71.) These should be 
lookui for whenever the abscess is opened, as they may disappear later. 
In xhv ah.luuiun'J funii a firm mass is formed in the cecum or appendix! 
wisieli is very apt to be mistaken for carcinoma. Suppuration occurs and 
s!nu^es are formed in llie abdominal wall. I have seen perianal lesions, 
]^rs■b■.lb!y from infection throngb the skin. In the lungs multiple ahscc.sses 
are fonmd; these are surrounded by fibrous tissue, and the condition is 
ec.sily mi't;'.!:!-!! lor tuberculosis, 

3/ ;'-r, .!/ov7!ro//v.-The microscopic appearance is that of a 
granulon.ia with the addition of suppuration. (Fig. 73.) There are chronic 
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inflammatory cells, fibroblasts, and giant cells. If suppuration is marked 
the picture approaches that of acute inflammation. It is uncommon to 
find colonies of the fungus (Fig. 72); these are much more easily demon- 
strated in the discharge. It is evident that the histological appearance is 
not at all characteristic, and that not much need he e.xpected from biopsy 
examination. 

Actinob\cillosis.— This is an epidemic disease in cattle, very rarely affecting 
man. It clo«cly resembles actinomycosis, but with the i mportant difference that 

• ' t 1-" The pus is very viscoii«, and contain^ 

of the granules consists of a ma«s of minute 
actinobacillus, aurroundod by radial^' disposed 
clubs Thus the center of the granule is Gram-nog.itivc, whereas in actinomycosis 
it is Gram-positive 

Blastomycosis.— This is a dironic gran- 
uloma caused by a veast-like fungusJk n o3vn 
as blastomvce s. The n rg.'misms jtre spheri^l , 
two or three times the diameter of a red &Iood 
corpuscle, and show two characteristic features: 

(1) nuclear double contour, and ( 2) budding- 
H ke ypnst They are domonstrnted in the 

discharge from the lesions by adding a few 
drops of sodium liydroxide to the pus and 
examining unstained. The method of infection 
i s imknow n..but .presumably, .it . U Jtliraugli. the 
ski n bv contag ion. The disease occurs in two 
forms, cutaneous and systemic. 

CufaneoiiS Form.— The cutaneous form is 

' ’’ Tliclesions 

.1 ••• ' b ack of the 

first they are 
luration and 

ulcerate. The disease spreads over the surface, 
so that a large area may be in^'olvcd. The 
microscopic picture is similar to that of nctino- —Colony of fun- 

1 /T L . BU3 in actinomycosis, 

mycosis, i. e., a granuloma (lymphocytes, mon- Many mycelial threads can 
onuclears, giant cells) with suppimation added, be seen m addition to the 
At the edge of the ulcer there may be ver\' dense fcltwork at tlie pe- 
rnarked epithelial hyperplasia trAicft wai/cfoscfy npherj x 2«5. 
smuhietkeappcara?}ce of epidermoid carcinoma. 

The spherical fungi are seen in sections of the tissue or in smears of tli<» 
discharge (Fig. 74). 

Bysimic Form.— The systemic form is much less common. The lungs 
are most often involved, but any organ may be affected. Infection is 
spread by the blood stream. The pulmonarj* lesions are nodules and ab- 
scesses and are very liable to be mistaken for tuberetdosis. The fungi are 
very numerous in the tissues in the systemic form. This form is ncarlv 
aln-ays fatal, but the cutaneous form is seldom fatal and may last for many 
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years. The various lesions are well illustrated in Baker's paper, and in 
tliat by Starrs aiid Klotz. 

SroROTRiCHO.sis.— This is a chronic infection caused by the fungus Sporotrichium. 
In many rcsjiects it closely resembles blastomycosis, but the fungus is demonstrated 
bv culture, not in smear.s. Tike blastomj'cosis it is usual!}’’ confined to the skin, but 
occa^ionaliv the internal organs are involved. The skin lesions are, as a rule, on 
(he h:ind or forearm. They take the form of nodules which later break down and 
suppur.ate. The infection advances along the lymphatics, so that a line of nodules 
is formed along the arm, an ajrpearance always suggestive of sporoti’ichosis. The 
microscopic jjicture is the same as in actinomycosis and blastomycosis, i. e., a 
granuloma with supimration. The disease is very chronic but is rarely fatal. 



I'lG. 7o. .-\ctiiioniycosis shuwiiii: suijpuratiijo immediately around central mass of 
ray fumtus, and granulomatum- IcMon farther our. X 200. 


Cu('rir>ini!i()MY((i-i',, lliw iincomnioii di.-^ease was originally thought to be 
cumiiicd lo f!:i' San ..loaquin \ alley, ( aldornia, so that it came to he known as the 
•'(';dif..rm". ili-.'aMa" It is nov, known to be dhtrihutod all over the United States. 
It t< an uuumlonia elo.sLdy resembling tuberculosis, but caused by Coc- 

ci Imi !•.- immius. a yeast-like fungin. This is a spherical bodv wiht a doulile- 
c .m.v.uvd highly rcfractile cap.sule. It resembles the blastomvce.s, but can be 
mrTcrri’.t’.itc.i by t!;e fact tlc.-.t it multiplies by tlie formation of endospores, the 
O;...tomyc--s by Uid ling. Tiic coccidioidc.s are inucji larger and mav measure 50 
•’’7 Clinically the disease h easily mistaken for' tuberculosis, 
‘.'I' ■••‘7 ■ '* ' ' "uiM and n'.any cases of snpposi.,! tuberculosis arc jirolKihly 

Infection is due to the inhalation of dust eontaining tlm 
' '■ 1 ' ■"■'■- 7 infection from man to man. Tlie morbidity is 

O-- aivCy low. TIk* infection has al.so Imen found in cattle. 

U' ' C; J'-U’" bleed m the guinea-pig, the cliaraeteristie h^sbu being a 
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The lesions are usually in the lungs, bones and skin, but any organ ma}' be in- 
volved. They are in the form of granulomatous masses and abscesses. Thej' 
cannot be distingukhed from those of tuberculosis with the naked eye, but it may 
be said that in the lungs there is less 


cavitation than is usual with tuberculosis 
and in the bones the lesions are more 
extensive The microscopic apjiearance 
also resembles tliat of tuberculosis; 
tubercle formation, epithelioid cells an«l 
giant cells are common. (Fig 76.) The 
patliognomonic feature i« the pre^noe of 



Fig 74 — Bla«tomyceto«, one 
show me double contour 



Fig 75 — Coecidioides in tis-sues 



—Coccidioidal granuloma Tubercle-like lesion, the nght hand giant cell 
containing coccidioides X 200 
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the double-contoured highly retractile coccidioides filled with spores. These are 
also found in pus from the lesions. 

The work of Dickson has shed new light on the disease. He has shown that the 
condition begins as a mild infection of the respiratorj' tract often accompanied by 
erythema nodosum. The great majority recover promptly in the course of a few 
weeks, but in a few cases the mild attack is followed by the chronic granulomatous 
disease known as coccidioidal granuloma. Dickson suggests the term coccidioido- 
mycosis to cover both forms. 

Rhinosclekoma. — This is a disease of eastern Europe, and is seldom seen else- 
wlicrc except in emigrants from that part of the world. Although not a fungous 
disease, it is an Jufectiye^granuloma. There is a hard swelling of the nose {rhin, 
nose; sclera, hard) which may spread to the pharjmx and larynx. The microscopic 
diagnosis is made from the presence of peculiar large, round, clear cells filled with a 



Fig. 77.— Mikulicz cell in Fig. 7S.— Rhinosporidiosis. X 152. 

rhnio-'Cleroma. X 1000. 


gelatinous material whirh may give the cytoplasm a foamy or reticulated appear- 
ance. a.nd dis])luec the nucleus to one side. The.se are known as Mikulicz cells. 
(Tic. 77.) The\- a.re often filled with l.)acilli ixesembling Friedliinder’s pneumobacillus. 
Tiii.s iva-ilius is called B.-icillus riiin(.>.sclernmatis, Imt it is not certain that the disease 
i> c;■.\l^(.■d by this organis:n. 

/ RinNo^i ommosis.—Tlns a local inflammatory condition of the anterior nare.s, 
^faidy commc>n in India hut extremely rare elsewiiore, the only case.s re^iorteii 
coming from the Argentine and th.e United State,s. It is rare in the female. The 
led.ui t;ikes til? for:n of a polypoid growth in th.e no.se compo.sed of granulation 
t'-v.e c’.'d pre.mnting an cxt.raordinary and characteristic micro.scopic picture, for 
the ih'".'.- h c!oy,ii..-d with tlw huae paradtic cy.st.s. each a .single organism, w'hich 
'■.'wti'.utc the ct> .gi-al agent { Fig. 7^).^ TIiU is a fungus known a.s Ilhinosporidiurn 
li.rsT 1 ,y Seeher), which commenec.s its life cycle .as a jjara.site 

'.■.ea''.ir:!ig .s nmm.ms. hm grows Ijy nuclear division until it reaches a size of 200 to 
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300 microns and contains over 4000 nucld wluch form 16,000 spores. The mature 
parasite, now called a sporangium, presents a double-contoured chitinous envelope 
with a germinal pore, through which the spores are discharged. The mode of in- 
fection and transmission is unknown. 

Histoplasmosis — This is an uncommon, usually fatal fungus infection caused 
by a yeast, Histopla'^ma capsulatum The organism is of about the same size and 
appearance as the Leishman-Donovan bodies of kala-azar, but it is a fungus, not 
a protozoon. In the body the fungus occurs as a yeast-like form; when grorvn 
outside the body it assumes a mycelial form. It has never been found occurring 
naturally outside the body. The disease w’as first described by Darling in 1906, 
and the titles of his two papers summarize many of the essential features: “A 
protozoon general infection producing pseudo-tubercles in the lungs and focal 
necrosis in the liver, spleen and lymph nodes,” and “A fatal infectious disease re- 
sembling kala-azar.” The lesions, which are widespread anatomically, are granulo- 
matous in type, sometimes tubercle-like, with areas of necrosis. The reticulo- 
endothelial cells, which are greatly swollen, are crowded with parasites (Fig. 91), 
and the mononuclear cells of the peripheral blood may show a similar appearance. 

TT,... Jr. v.......*;/..!!.. V,. *1... T> A c 


with histoplasmin, an antigen derived from Histoplasma capsulatum, has been 
developed. Through epidemiological studies with this test it now appears that 
many of the cn«es of pulmonary calcification with non-tubercuiin reactions may be 
due to mild or subclimcal histoplasmosis. The reliability of the reaction, however, 
has not yet been fully determined. 

Glanders.— Glanders is one of the mfective granulomata, and in its chronic 
form may readily be mistaken for tuberculosis, syphilis, or actinomycosis It is 
one of the diseases transmitted from animals to man. As it affects horses, the human 
disease is seen in grooms, veterinary surgeons, etc 

The disease is caused by Bacillus mallei, a slender Gram-negative rod resembling 
the tubercle bacillus The Strau.ss reaction is used for diagnosis. The suspected 
material is injected in the peritoneal cavity of a male gumea-pig, and within twenty- 
four hours an acute inflammation develops in the tunica vaginalis. The fluid from 
the tunica is implanted on potato, and a yellow honey-like culture is obtained 

Infection occurs from the nasal discharge of a diseased horse, and enters the body 
through a crack in the skin or the mucous membrane of the nose. After an incuba- 
tion p« * ' * * * * 

pears, 
and dc 
along 

farcy I . . 

tissue and muscle. The microscopic appearance is that of an infective granuloma 
but without caseation. Giant cells are rare. Unless the bacilli can be demonstrated, 
a correct diagnosis may be extremely difficult. The infection may last for months 
or years; in the end it usually proves fatal. 

An acute form occurs both in man and the horse It is a septicemic condition, 
with the formation of pyemic abscesses in the lungs, liver, kidneys, etc. 


ANTHRAX 

Anthrax is also one of the diseases transmitted from animals to man It 
is very prevalent in European animals, especially cattle and sheep, but is 
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the double-contoured highb' refractile coccidioidcs filled with spores. These are 
also found in pus from the lesions. 

The work of Dickson has shed new light on the disease. He has shown that the 
condition begins as a mild infection of the respiratory tract often accoiniianied by 
erj’thema nodosum. The great majority recover promjitly in the course of a few 
weeks, but in a few cases the mild attack is followed by the chronic granulomatous 
disease known as coccidioidal granuloma. Dickson suggests the term coccidioido- 
mycosis to cover both forms. 

Rhikoscleeoma.— This is a disease of eastern Euro]ic, and is seldom seen else- 
where except in emigrants from that part of the world. Although not a fungous 
disease, it is an-infective_granulqn)a. There is a hard swelling of the nose (rbin, 
nose; sdcra, hard) which may spread to the pharynx and larynx. The microscoiiic 
diagnosis is made from the presence of peculiar large, round, clear colls filled with a 



Fig. 77.— Mikulicz cell in Fig. 78.— Rhinosporidiosis. X 152. 

rhinoscleroma. X 1000. 


gelatinous material which may give the cytoplasm a foamy or reticulated appear- 
ance, and displace the nucleus to one side. These are known as Mikulicz cells. 
(Fig. 77.) They are often filled with bacilli resembling Friedliinder’s imeumobacillus. 
This bacillus is called Bacillus rhino.scleroniatis, but it is not certain that the disease 
is caused by this organism. 

/ Rhinospouidiosis.— This is a local inflammatory condition of the anterior narc.s, 
^ fairly common in India but extremely rare elsewhere, the only cases r(?jiorte.'' 
coming from the Argentine and the United States. It is rare in the female. T’ 
lesion takes the form of a polyjioid growth in the nose composed of granulat 
tissue and presenting an extraordinary and characteristic microscopic picturr ’ 
the tissue is crowded witli the huge parasitic cysts, each a single organism, ■ 
constitute the etiological agent (Fig. 78). This is a fungus known as Rhinos])c 
seeberi (first described by Seeber), which commences its life cycle as a ’ 
measuring S microns, but grows by nuclear duision until it reaches a size c 
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300 microns and contains over 4000 nuclei which form 16,000 spores. The mature 
parasite, now called a sporangium, presents a double-contoured chitinous envelope 
\vith a germinal pore, through which the spores are discharged. The mode of in- 
fection and transmission is unknown. 

HisTOPLASiiosis.— This is an uncommon, usually fatal fungus infection caused 
by a yeast, Histoplasma capsulatum. The organism is of about the same size and 
appearance as the Leishman-Donovan bodies of kala-azar, but it is a fungus, not 
a protozoon. In the body the fungus occurs as a yeast-like form; when groi\m 
outside the body it assumes a mycelial form. It has never been found occurring 
naturally outside the body The disease wm Brst described by Darling in 1906, 
and the titles of his two papers summarize many of the essential features: “A 
protozoon general infection producing pseudo-tubercles m the lungs and focal 
necrosis in the liver, spleen and l 3 Tnph nodes,” and “A fatal infectious disease re- 
sembling kala-azar.” The lesions, which are widespread anatomically, are granulo- 
matous in type, sometimes tubercle-like, with areas of necrosis. The reticulo- 
endothelial cells, which are greatly swollen, are crowded with parasites (Fig. 91), 
and the mononuclear cells of the peripheral blood may show a similar appearance. 
The parasite is beautifully demonstrated by the McManus P.A.S. stain (periodic 
acid^chiff reaction) A diagnosis may be made from biopsy of a lymph node, and 
the fungus can be cultured from the blood. Fever, anemia, leucopenia and spleno- 
megaly are prominent features of the clinical picture. An intradermal skin reaction 
with histoplasmin, an antigen derived from Histoplasma cap.sulatiim, has been 
de^■eloped. Through epidemiological studies with this test it now appears that 
many of the cases of pulmonary calcification with non-tuberculin reactions may be 
due to mild or subclinical histoplasmosis. The reliability of the reaction, however, 
has not yet been fully determined. 

Gla^^deub.— G landers is one of the infective granulomata, and In its chronic 
form may readily be mistaken for tuberculosis, syphilis, or actinomycosis. It is 
/ «. . As it affects horses, the human 

• Gram-negative rod resembling 
1 for diagnosis. The suspected 
material is injected in the peritoneal cavity of a male guinea-pig, and within twenty- 
four hours an acute inflammation develops in the tunica vaginalis The fluid from 


tion period varying trom a tew days to two or three weeks the primary lesion ap- 
pears A+ fi-r* ♦i..r -o « — ".. 1 - t. . ■ "'he lesions are spreading 

The infection spreads 
le horse are known as 

' truction of connective 

tis<*ue and muscle. The microscopic appearance is that of an infective granuloma 
but without caseation. Giant cells are rare. Unless the bacilli can be demonstrated 
a correct diagnosis may be extremely difficult. The infection may last for months 
or years; in the end it usually proves fatal. 

^ neute form occurs both in man and the horse. It is a septicemic condition 
with the formation of pyemic abscesses in the lui^, liver, kidneys, etc. 


ANTHRAX 


_ Anthrax IS also one of the diseases transmitted from animals to man It 

ib \ery prevalent in European animals, especially cattle and sheep, but is 
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much less common in North America so that human infection is compara- 
tiA'cly rare in this country. Infection is nearly always con\c.ACfl thiouph 
the skin, rarely by inhaling infected material (wool-sorter’s disease) or by 
swallowing it.' The latter is the coinmou method by which animals arc 
infected, so that in them the lesions are usually intestinah In man the 
lesions are nearly always in the skin; pulmonary and intestinal lesions arc 
very rare. Infection is conveyed from the wool and hides of diseased 
animals, so that butchers, tanners, wool-sorters, etc., arc the chief sufl'crers. 
The bristles of a new shaving brush may carry the infection. It is said that 
biting flies may convey infection from animals to man, but this seems 
open to doubt. 

The anthrax bacillus is a large, square-ended. Gram-positive bacillus, 
the most important characteristic of which is the power of forming very 
resistant spores outside the body. For this reason infected wool, hides, 
shaving brushes, etc., may remain a source of danger for years. As the 
spores are not formed inside the body it is of the greatest importance when 
disposing_pf the_.body.of an animal which has died of the disease that no 
blood should be shed, otherwise the spores will remain in the ground for 
years and -serveTo- infect other animals. 

The sHn lesion is the malignant jyysinle. It cominences as a pimple on 
an exposed part of the skin (face, hands). This soon develops into a vesicle 
(not a pustule) containing clear serous or blood-stained fluid swarming 
with anthrax bacilli. The diagnosis is readily made by staining a smear of 
this fluid. ^Mien the \-esicle bursts a black eschar is formed, around which 
a fresh row of vesicles develops; further out there is a brawny induration. 
The microscopic picture is one of acute inflammation. The rare pnbnonarg 
and intestinal lesions are similar in nature, i. c., they show an acute hemor- 
rhagic inflammation. 

At any stage the bacilli may enter the blood stream causing an anthrax 
septicemia with infection of all the organs. This is constantly seen in 
highly susceptible animals such as the mouse and guinea-pig. The post- 
mortem findings are tho.se of a hemorrhagic septicemia, with enlargement 
of the spleen, etc. From what has already been said, it will be obvious 
that extreme care must be taken at the autopsy to preN^ent the formation 
of spores. 


ANAEROBIC GAS-FORMING INFECTIONS 

^ wound by a member ol the group of anaerobic gas-forming 
baeilh results in gas gangrene. 'I'liere are three members of this group: 
(1) Bacillus wclehn or Bacillus aerogenes capsulatus; (2) Viln-ion septique, 
probably identical with the bacillus of malignant edema; (3) Bacillus 
(edtanatiens. Tliese are all saecharolytie, not attacking proteins if carbo- 
hxdiates aie ava liable and they grow best in tissues containing an abund- 
ance of carbohydrate, n c nu.sele and liver. To these three may be added 
B.iullns spoiogenes which has strong proteolytic powers and soon produces 

.t. It is not pathogomeUr gS 

pnalw m.f. Ini It breaks up tile proteins. Bacillus welcliii is the comipoiicst 
iliva.lcr .m,l the chid gas proiluccr. ,Vs tvcil as producing gas gangrene it 
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is the cause of postmortem gas formation. Except when grown in special 
media it does not form spores, but in tissue fluids it has a well-marked 
capsule. (Fig. 79.) The other organisms readily form spores. 

These bacteria are putrefactive. They are unable to gain a footing in 
living tissue until it has been devitalized. They are ordinarily saprophytes 
Thus B. welchii was found in 80 per cent 
of Avounds in the First ^Yorld ^Var, yet 
less than 10 per cent of these developed 
gas gangrene. Trauma and other organ- 
isms fail to activate it, but _soiI and de ad 
muscle act a s a spark whi ch lights the f ire. 

As~the organfsms feed on muscle sugar, 
it follows that early excision of dead muscle 
is the best prophylactic. Gas gangrene is a 
disease of muscle, which is at first a dull 
red and then becomes green or black. Bub- 
bles of foul-smelling gas and blood-stained 
fluid can be pressed up and down the length 
of the muscle. The bacilli spread up and 
doAvn the muscle in the interstitial tissue, 
and the muscle fibers are separated from 
their sheaths by toxic fluid, as a result of 
which they are killed and are then invaded 
by the putrefactive bacteria. (Fig. 80.) 



Fio 79 —Bacillus welchii, show- 
ing capsules X 1000 



Fia 80 —Gas gangrene A muscle fiber separated from its sheath and from its blood 
supply by gas and fluid X 230 


TETANUS 

Tetanus is a disease caused by tvound infection with an anaerobic 
bacillus. Bacillus tetani, but it differs entirely from the group of anaerobic 
infections just described, for there are no local symptoms. The bacillus 
develops a terminal spore, which gives it the familiar drumstick appearance. 
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The organisms can be seen in the pus from infeeted wounds. 'Fhc di.sease 
is an infection of septic wounds, not merely a wounrl infection. Its growth 
is favored by the presence of aeroinc liactcria, so tlnit it is never found in 
pure culture in a wound. The bacillus is a. normal inhabitant of the in- 
testine of the horse and other animals, and is therefore found in ground 
which has been manured. Wounds contaminated with garden soil, the 
dirt of streets, etc., are therefore always liable to infection by tetanus. 
Civilians with wounds of this character and ail woundcfl soldiers must be 
protected by a prophylactic injection of antitctanic serum. 

The inenhaiion. period varies greatly, averaging from ten days to a fort- 
night. In the case of face wounds it may be only three or four days. If 
the s])ores are surrounded by scar tissue they may remain quiescent for 
months. A subsequent operation, as for removal of a foreign body, may 
activate the spores, so that a second injection of scrum should be given 
before such an operation. 

The bacilli remain in the wmund and produce a toxin which acts on the 
central nervous system. The tetanus toxin is one of the most powerful 
toxins known. For long it has been believed that the toxin was absorl)cd 
from the motor nerve endings and passed along the axis cylinders to reach 
the spinal cord. In 1934 Abel attacked this view and brought forward 
experimental evidence suggesting that the toxin is absorbed by the lymph- 
atics and distributed to the central nervous system by the blond stream, 
where it acts on the motor nerve cells. Abel also suggested that the toxin 
may act directly on striated muscle, thus expli\ining the ])henomcnon of 
“local tetanus,” which may develop in the wounded ])art long before the 
general symptoms manifest themselves. Abel’s theory is supported by the 
observation of Barnes and Trueta in 1941 that tetanus toxin is not absorbed 
from an immobilized limb in an experimental animal, for lymph flow from 
a part ceases when it is immobilized. When the toxin reaches the cord 
and brainstem it becomes so firmly anchored to the motor nerve cells 
that it cannot be dislodged. 

Tile symptoms are the result of an extreme hyjiersensitiveness of the 
motor nervous system jiroduced by the action of the toxin on the motor 
nerve cells. As the result ot this the most trivial sensory stimuli pi'oduce 
a series of terrible clonic and tonic spasms, and the jiaticnt dies exhausted 
by his convulsions or asphyxiated by tonic siiasm of the resjiiratory muscles. 
As the condition is inirely toxic and not inilannnatory, no characteristic 
lesions are found at autopsy, 

1 ostopcrative iiiarni,') is fortunately rare. It is usually due to catgut 
infection witli the sjiores of tetanus. When the catgut is absorbed in the 
wound the spores are set free and develop into bacilli. Not every case is 
due to the catgvit. The dressings, dusting iiowdcr, etc., may be infected, 
hmally it must be remembered that the jiatient may be an intestinal 
earner of tetanus bacilli which may reach the tissues through an operation 
wound involving the bowel. 


BUBONIC PLAGUE 

The disease is caused by Bacillus pestis, an extremely virulent organism. 
It gams entrance to the body through the skin, sometimes through the 
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lungs bxinhajatign_of inffif;ted^roplet&4)f-sputum.£speciaIIy,in-the-pneu-. 
monic form. It penetrates the skin usually by the bite of a flea which 
conve^'the infection from the rat to man, but it may enter through cuts 
and abrasions. The disease may occur in endemic or epidemic forms. A 
human epidemic is accompanied or preceded by a rat epidemic. When a 
rat dies the infected fleas leave it and go in search of a new victim. The 
problem of plague control is the problem of the deadly triangle of the rat, 
the flea, and the man. 

Lesion.— The-lesions.are-glandular and-general. The_ inguinal, and 
axillary lymph nodes become much enlarged, suppurate, and form buboes, 
This is a regional lymph node infection, the result of inoculation through 
the skin. The nodes at first show-ordmary~inflammatory-hyperpIasia, but 
abscess formation -and hemorrhage follow. The bacilli invade the blood 
stream and are found in enormous numbers in the internal organs, where 
they produce necrosis, abscesses, and toxic changes. The patient dies of 
an overwhelming septicemia before there is time for very marked lesions to 
develop. 

D--. - T?- T. .1 1 » 1 . 


pneumonic form, in which infection is spread by tiny droplets of sputum, 
There are no buboes, and the patient is overwhelmed by one of the most 
deadly and rapidly fatal of all infections. There is not time for any e.xten- 
sive pneumonic consolidation, so that here also the changes are a patchy 
consolidation with intense congestion and alveoli crowded with plague 
bacilli. The rest of the body shows evidence of an overwhelming septicemia. 

HBMORRnAGic SePticeuia —This is a group of infections rather than a single 
disease, caused by organisms closely related to the plague bacillus (Pasteurella 
group) and affecting many of the lower animals hfembers of the hemorrhagic 
septicemia group are chicken cholera (Bacillus avisepticus), swine plague (Bacillus 
suisepticus), and mouse typhus (Bacillus typhi raunum). Some of these hemor- 
rhagic septicemia infections may occasionally involve man. It will be realised that 
plague itself is a hemorrhagic septicemia 

Whooping Cough — Wliooping cough or pertussis is an acute infectious 
disease of the respiratory tract, as a result of which there are spasmodic 
attacks of coughing with a prolonged inspiration known as a “whoop." 
The disease consists of a catarrhal stage of one or two weeks’ duration 
marked by a hard dry cough (this is the infectious period), and a paroxysmal 
stage of four to eight weeks’ duration marked by severe paroxysms of 
coughing and whooping, and by attacks of vomiting. Common complica- 
tions are bronchopneumonia, atelectasis, emphysema and convulsions. One 
attack of the disease confers immunity for life. 

The etiological agent appears to b« Bacillus pertussis of Bordet, and 
Gengou, a minute Gram-negative hemophilic bacillus, which is found in 
great masses entangled in the cilia of the bronchial mucosa. Rich and his 
associates have shown that in chimpanzees the oral inoculation of pure 
cultures of Bordet-Gengou bacilli resulted in a condition similar in all 
respects to whooping cough, and characterized by coryza followed by a 
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protracted paroxysmal cough, associated with lymphocytosis and a positive 
complement fixation toward the Bordet-Gengou l)acillus. _ ^ 

The_.lesigns are traeheitis, bronchitis, and the characteristic interstitial 
bronchopneumonia with mfiltration of the walls of the bronchi and bronchi- 
oles by lymphocytes, plasma cells and large mononuclears, hlasscs of 
Bacillus pertussis^cause matting of the cilia, but fail to penetrate below the 
surface. It is possible that they produce a toxin which acts on the central 
nervous system and especially on the nuclei of the vagus and recurrent 
laryngeal nerves, accounting for the paroxysmal coughing and tlio attacks 
of vomiting. 


TULAREMU 


Tularemia is another plague-like disease which affects both animals and 
man and is spread from the former to the latter. In animals it has the 
virulence and septicemic qualities of plague, but in man the infection 
is milder and recovery is the rule. In spite of this greater resistance man 
is extraordinarily susceptible to the infection. Although related to plapie, 
the symptoms in man may closely simulate typhoid fever, and the lesions 
may as closely resemble those of tuberculosis. The disease is a new one, 
or rather a newly-recognized one. It was first observed as an acute epi- 
demic infection among ground squirrels in Tulare County, California, 
and the Bacterium tularense was discovered to be the cause. Later it was 
found that the infection could be conveyed to man. At first it was thought 
that tularemia was a disease peculiar to the United States. Its problems 
have been worked out by American bacteriologists, and by Francis in 
particular. It is now known that it is world-wide in distribution. It is 
transmitted to men from a rodent, not from another man. The great 
reservoir of the disease is the ground squirrel and the Jack-rabbit, but many 
other rodents are now known to harbor the infection. The domestic rabbit 
does not suffer from the disease. Infection is carried in three ways: (1) by 
biting flies, particularly the deer-fly, C/ir i/.vop.v discalh'; (2) by ticks; (3) by 
contact with the skins or internal organs of infected rabbits. It therefore 
occurs in farmers, hunters, market men, butchers, housewives, and cooks. 
The microorganisms enter through cracks in the skin or through the eye. 
Laboratory workers handling and performing autopsies on infected animals 
are extremely liable to infection, even though alive to the danger. 

Two types of the disease may be recognized in man, the glandular and 
the typhoid. 

(Aandular fiipc. Ihis resembles a mild form of bubonic plague, except 
that a local lesion develops at the site of inoculation. After an incubation 
])criod of a few days there is a sudden onset with pains, prostration and 
fever, ihe regional lymph nodes draining the site of infection become 
enlarged, inflamed, and tender. If the portal of infection is the eye the 
prcanricuiar, submaxillary, and cervical glands are involved. Not until 
twenty-four hours later does a pai)ule appear at the site of infection. Both 
tlie jirimary leskm and the lymph nodes undergo necrosis, suppuration, 
and ulcei'ation. Ihe bacteria have not been demonstrated in the tissues, 
bvit a bacteremia occurs early, and a positive blood culture can be obtained 
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during the first week. By the end of the second week agglutinins appear 
and reach their height in the third week. After that they decline, but 
persist in small amounts for several years. Cross-agglutination occurs with 
Brucella melitensis, so that the disease may be confused with undulant 
fever. Recovery is the rule, but convalescence may take some months. 

Typhoid Here there is no obvious primary lesion and therefore 

no glandular involvement. The portal of entry is unknown, but it is 
probably the unbroken skin, for the bacilli can penetrate the skin of the 
guinea-pig and set up a septicemia. The tj-phoid t>T>e is usually due to 
laboratory infection. 

Lesions.— I n man the lesions may 
be of two types, acute and chronic. 

The acute lesions are characterized 
by focal necrosis and suppuration 
(Fig. 81). These changes are seen in 
the primary lesions and the regional 
lymph nodes, and to a lesser ^ent 
in many of the internal organs 
(spleen, liver, lung). The chronic 
lesions resemble those of tuberculosis 
for which they are easily mistaken. 

They are focal in type with central 
necrosis, epithelioid cells and giant 
cells. 

Diagnosis.— The disease is apt to 
be mistaken for typhoid fever (when 
no primary lesion is present), for un- 
dulant fever (because of cross-agglut- 
ination), and for tuberculosis (a mis- 
take made by the pathologist on 
account of the glandular lesions). 

^^’hen the physician thinks of tu- 
laremia on account of the primary 
lesion, the regional lymph node enlargement, and the history of hav- 
ing dressed a wdld rabbit or of being bitten by a tick or fly, he can 
confirm his diagnosis in two ways (1) agglutination of Bacterium 
tularense by the blood serum in the second week, and (2) isolation of 
Bacterium tularense from guinea-pigs inoculated with material taken from 
the primary lesion or enlarged glands or with the patient’s blood. The 
guinea-pig will die in a week and show enlarged caseous lymph nodes and 
a spleen studded wdth tiny foci of necrosis. Smears and cultures taken 
from the patient are useless. 

Cat Scratch Diseasi ’ •*’ 

to be of uide distributic 
and is readily confused 

There is always a history of an association with cats, but, m spite of the name, 
there is not necessarily e\ndetice of a scratch or bite. There may be an initial skin 
lesion, or there may be enlargement of regional IjTnph nodes \\'ithout any cNadent 
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primary lesion. The lymphadenitis is often suppurative, but the i)Us is sterile. 
The microscopic picture is one of reticuloendothelial hyperpla.sia followcd by necro- 
sis. The chief elements are polymorphonuclear leucocytes, epithelioid cells, and 
occasionally giant cells. The infection pursues a benign course, i^jntaidcnnal 
skin reaction simijar to the Frei test for lymphogranuloma venereum is of diagnostic 

value* using an antigen .niade irom the pus. 

UNDULANT FEVER: BRUCELLOSIS 

This disease, like tularemia, is an infection of animals which may be 
conveyed to man. Like tularemia it is in some respects a new disease, 
in other respects it is not. It is caused by the Brucella group of micro- 
organisms named after Sir David Bruce, who first isolated them many 
years ago in Malta fever. The.. organism is a very small cocco-bacillus 
which has been called both a coccus (Alicrococcus melitensis) and a bacillus 
(Bacillus abortus). It has long been known as the cause of hlalta fever, 
an infectious disease of goats in the Mediterranean countries and conveyed 
to man in goat’s milk. It has also been known for some time as Bacillus 
abortus, the cause of contagious abortion in cattle. The infection is extra- 
ordinarily common in cattle. Thus it has been shown that 90 per cent of 
the herds in Connecticut are infected. It should be noted that though the 
cows have a tendency to abort, and pass large quantities of the bacilli in 
the milk, they show no evidence of disease. The goats also suffer no incon- 
venience from melitensis infection. It was not until 191 S that an intimate 
relationship Avas demonstrated by Evans to exist between Brucella meliten- 
sis of i\Ialta fever and Brucella abortus of contagious abortion. The two 
are closely related but not identical. The most important step was the 
last, when in-1924. Iveefer showed that Brucella abortus was infective for 
man. The various forms are best included under the name of undulant 
fever, of which there is a melitensis type and an abortus type. The abortus 
infection may come from swine (porcine form) or coavs (bovine form). 
The abortus infection is not so pathogenic for man as the melitensis form. 
Most of the persons who drink infected coay’s milk show no evidence of the 
disease, though they may have agglutinins in the blood. Thus the mor- 
bidity for the human subject is Ioav. 

Infection is acquired via the alimentary tract, usually by drinking 
unpastcurized coav’s milk, so that most human cases in temperate countries 
are examples of abortus infection. In view of the fact that this is a milk 
infection it is curious that the disease is rare in children. Laboratory 
infectious may be acquired through cracks in the skin, the scratch of an 
infected needle, etc. Oontact infection may also occur m AA'orkers in packing 
houses, farmers, veterinarians, and others aaLo come in contact witli infected 
material. The method by Avliich infection passes from one animal to an- 
other is not certainly knoAvn. Undulant fcA-er used to be regarded as a 
rarity. In 192G only 40 cases Avere reported in the United States but \n 
1929 over 1300 cases Avere reported. It is undoubtedly verv much com- 
moner than is usually thought. It should enter into the diftWential diag- 
nosis of every long-continued fever Avhen such conditions as tAmhoid 
tuberculosis and subacute bacterial endocarditis are being ruled out The 
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mortality is low, less than 2 per cent, llruci’llu infection. may not.pive 
risejQ.tM)ical undulantfever but merely to persistent inaliiisc and indisposi- 
tion with some irregular fever. In endemic areas a certain proportion of 
the population suffers from a latent infection, so that the blood gives a 
positive reaction to the agglutination test. Women with latent infection 
may show a tendency to abortion. 

The d issa P^ hpgincLmsi Hinn^ly.wUh an cvening risc of temperature, -and 
the patient may be ill for some time without knowing that he. has any 
fever.' Tersistent weakness, muscle pains, arthritis, and marked perspira- 
tion with a peculiar sweet sickly odor to tlic ss\ cat arc some of the common 
features of a disease which may easily pass unrecognized. Orchitis is an 
occasional symptom. The fever may come in waves, hence the name 
undulant fever, though this is not common, and the infection may last for 
months and even years. Three months is an average duration. There is 
a remarkable absence of positive physical signs, owing to the general rather 
than the local character of the infection. The spleen is palpable in more 
than a third of the cases. The lympli nodes may be enlarged. A blood 
culture may be obtained at the height of the fever, but it is often negative, 
and has to be kept at least a week before any growth is apparent. The 
culture should be kept for five weeks before being discarded as negative. 
The organisms are often excreted in the urine, and a culture may be ob- 
tained from a catheterized specimen. Agglutination is the most reliable 
means of diagnosis. Agglutination with a titer of 1 in 100 or over in the 
presence of fever and the other clinical symptoms indicates active infection. 
A titer of 1 in 100 in the absence of clinical symptoms indicates latent 
infection. A titer of 1 in 80 and under in the absence of clinical symptoms 
indicates a past infection. Occasionally active cases fail to give agglutina- 
tion, but this is uncommon A source of confusion is a cross-agglutination 
with Bacterium tularense which sometimes occurs. 

Lesions.— Very few studies of the autopsy findings in undulant fever 
have been recorded owing to the low mortality of the disease. The spleen 
is enlarged, averaging 500 grams, and there is a general swelling of the 
mesenteric lymph nodes. Inflammatory masses may involve the soft 
tissues, the bones or the viscera. These show a nonspecific chronic in- 
flammatory cell reaction with granulomatous formation, necrosis, and 
epithelioid and giant cells. Sections of excised lymph nodes are apt to 
be mistaken for tuberculosis by the pathologist, but cultures from the 
tissues are positive for brucella. Parsons and his associates state that 
chronic brucellosis of the glandular type as seen in North Carolina may 
present a picture similar to that of Hodgkin’s disease; B. melitensis in pure 
culture was grown from the Ijunph nodes. 


SPIROCHETAL FEVERS 

SpiTiocn,ETOsis IcTEROiLUMOKRiuaiCA Weil’s Disease.— T his is a form nf 

infectious or epidemic jau*''’-"' •* o • • • - 

is therefore considered in 

Rei^psiko FEVEH.-T1 ' , ... 

na\e been reported m the United States. It is characterized by a peculiarly recur- 
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ring type of fever. The febrile attack.? last a few days and are separated by shoi-t 
periods during which the patient feels quite well. The disease is caused by several 
closely related sjrecies of spirochetes, of which Spirochceta obernieieri was the first 
described and is the best known. During the febrile attacks the spirochetes are 
jn-esent in the blood in great numbers, but during the afebrile intervals they vanish. 
The infection is conveyed bj’ lice and ticks. These do not inject the organisms 
directly into the blood, but when the body of the louse is crushed on tlic .surface by 
scratching, the spirochetes are liberated and penetrate through the .skin abrasions. 
The mortality is not high. The postmortem lesions arc those of septicemia, notably 
enlargement of the spleen, cloudy swelling of the internal organs, and hemorrhages 
in the serous and miicons membranes. 


BAETONELLA INFECTIONS 

Oroya Fever. — This is a disease occurring in Peru characterized by intermittent 
fever and a severe rapidly progres.sive anemia, ending fatallj’ in a large number of 

cases. The red blood corpuscles contain minute 
rod-like motile organisms first described by Barton 
in 1909 and known as Bartonella bacilliformis. 
A large proportion of the erythrocytes may be 
affected. It is now known that the fatal cases are 
those which are complicated by paratyphoid B in- 
fection. In cases in which paratyphoid infection 
has not occurred the prognosis is good, no matter 
how great the destruction of reel blood cells. 

Certain strains of rats may become infected with 
another type of Bartonella, Bartonella mnris. The 
infection remains latent, no organisms arc found in 
the red blood cells, but a few days after sjden- 
ectomy severe and fatal anemia rajridly develops, 
due to invasion of the red blood cells by the Bar- 
tonella (Fig. 82), just as in Oroya fever. The latency 
apjiears to be due to the inhibitory action of the reticulo-endothelial elements 
in the spleen. 

VIEUS DISEASES 

Viruses may attack plants (mosaic diseases, etc.), possibly bacteria (? bacterio- 
phage), animals (foot and mouth disease, distemper, vaccinia, hog cholera, etc.), 
and birds (psittacosis). They are responsible for a great number of diseases in 
man, which may conveniently be ijlaced in the following seven groups: (1) Skin 
(dermotropic) ; small]) 0 x, chickenpox, molluscum contagiosum, measles, lymiiho- 
granuloina venereum. ^ (2) Nervous system (neurotropic) : jjoliomyelitis, rabies, 
herpes (zoster and simplex), postvaccinal encephal’rtis, probably encephalitis 
lethargica and encephalomyelitis. (3) Nasopharyngeal mucosa (catarrhal) : corr’za, 
Glaruls (glandular): mumps, infectious mononucleosis. 
(5) 1 roll ferahvc: verrucie, molluscum contagiosum, Rous s.arcoma, Shope 
papilloma. (G) Systemic: jisittacosis. (7) Insect vector: yellow fever, dengue. 

If is a common mistake to think that viruses are merely very minute bacteria, 
or that they are of a nebulous and almo.st theoretical character. Thev differ froin 
b.Hctena in the following jiarticulars. (1) Size. Tlie viruses are called ultramicro- 
scopic, but this IS not strictly correct, for the largest can bo seen in the form of so- 
called elemental^ hodic.s, and the electron micro.scope has brought manv members 
of the group within the range of vision. They range in size from 5 to.ZQjip, (2) 
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Fio. 82.— Bartonella 
muris. (McCluskie and 
Niven.) 
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f" *’ ’ • unglazed porcelain 

U 1 would suggest, for 

jp , abortus, and most 

spirochHesare'filter-passers. (3) CuUitral characters. Bacteria can live on lifeless 
material such as gelatin and agar, but viruses can only grow in media which contain 
living cells. They can be grown tn vitro (tissue culture) or tn vivo (chorioallantoic 
membrane of developing chick). They are said to be cytotropic, because they ap- 
pear to penetrate and live inside the cells whether in the body or in a culture medium. 
T hey do not multipl y in.the body fluids^And thus-differ from bacteria. (4) Specific 
inclusion bodies are very, characteristic of true virus diseases. W^jcan only.recognize 
the presence of viruses by the effects they produce — “by thcir.fruits ye shall know 

:--j -e— * iu- (.glluLar-incliision. They are 

lusions are the fingerprints of 
like human beings, may act 

without leaving fingerprints. It is doubt- 
ful if all intracytoplasmic inclusions are 
necessarily an indication of virus infection. 

The inclusions may be cy^oplasmia-or- in- 
tranuclear; Eoruptimes both forms are pres- 
ent. Tn~ some diseases, such as fowl-pox, 
vaccinia and psittacosis, cytoplasmic in- 
clusions ‘consist of aggregates of virus 
particles, which when dispersed are knonm 
as elementary bodies. In other diseases, such 
as rabies and yellow fever, the status of the 
inclusion body is uncertain. Some “tuclu- 
siona,” particularly intranuclear ones, may 
represent products of degeneration. Inclu- 
pjonsLrepresent the jntracellular pathology 
oLthe.virus diseases. The best-known ex- 
amples are the Guamieri bodies of small- 
pox (Fig. 83), the "Negri bo'dies of rabies, 
tKe Lipschutz bodies of herpes, aucUthe 
moUiwum bodies^pf^ mollpscum ...con- 
t^o.sumV*^hey are also found in yellow 
fever, poliomyelitis, and psittacosis Ex- 
cellent illustrations of the various inclusion bodies are to be found in Cowdry’s 
article in Rivers’ book on Filterable Kfruses. The inclusmn_ bodies were 
known long before filterable xiruses were dreamt of, for the molluscum bodies 

were described in 1841. ( 5 ) o j iL... • u 

case of bacteria viruses attac 
atta_ck^the epi thelial cells of 
horn cells of thespmatcorH,.! 

cerebellum. (6) Resistance t ^ ^ ^ 

x’husesxaiLresist.the action of substances (glycerin, ete ) whichjiiuckly kill bacteria, 
so thatlheyjcanJae-isolatedJrom^material contaminated by bacteria by this means 
The nalure of viruses is a matter of uncertainty. There i s even doubt on so 



Fio 83 —lncIu'^lon bodies The 
Guamien bodies of smallpox. 
(Kindness of Dr J Craigie.) 



^Qup, some .the other. Rivers sums up the matter in his Harvey lecture: 
“Some viruses may be minute living organisms representing the midgets of the 
microbic world, others may be primitive forces of life unfamiliar to us, still others 
may be inanimate transmissible incitants of disease ” The viruses may be situated 
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near the line that separates inanimate, transmissible incitants from minute living 
organisms. The.tean.sitiQn from.onc skle of the line to the other may he so gradual 
that no. great .difference in the tyj^cs of disease caused by agents near the line is 
perceptible. Stanley has obtained a nry.stalline protein from tobacco plants infected 
with tobacco-mosaic disease which has all the properties of a virus. It is still in- 
fective after ten crystallizations, and can reproduce the disease in a dilution of 1 in 
1,000,000,000. Sucli a substance cannot l)e regarded as living in the ordinary 
sense of the word. The tobacco-mosaic \nrus may be considered ns an autocatalytic 
protein which requires the presence of lirdng cells for multiplication. Laidlaw 
points out that jjarasites lose the power of making substances which are essential to 
them if these can be found ready-made in the cells of the host. This lazinc.ss may 
be such that the jjower of independent metabolic activity is lost. The i^arasite 
would then be li^^ng a borrowed life, and would consist merely of nuclco-in-otcin 
possessing the power of reproduction, but inanimate outside the cell. Some viruses 
haA-e achieA'ed a jrartial and others a total degree of social security. The latter are 
completeh" dependent on the state, even to the extent of requiring i)crmission for 
reproduction. 

Vims immuniiy differs in manj' respects from immunity to bactei'ial infection. 
One attack of a virus disease usually confers a life-long immunity. This is true of 
m&asles,. mumps, chickenpox, sinallpo.x, herpes zoster, poliomyelitis, yellow fever, 
|iand dog, distemper. The immunity seems to be duo to a c ellular rather than-i i 
|humoral. change, for although the blood of persons who have reco\’cred IroirTp^io- 
ymj'elitis contains immune bodies, these arc not proportionate to the degree of active 
immunity produced. The immunity may also be due to a continued sojourn of the 
xdrus within the body long after recovery has taken place. Thus in the infectious 
• anemia of horses it was found that the blood was infective ns long as fourteen years 
after an attack. Most plants that are infected with virus diseases retain the virus 
as long as they live, lateen they recover they are immune and cannot be reinfected^ 
An anti-Aorus serum can be ])roduced, but the protective substance in the serunJ 
does not appear to combine with the Aims. Both the protective substance and the* 
Aims are fixed by the tissue. If fixation of the virus precedes that of the protective 
substance, infection of the cell is not preA’ented, but if fixation of the proteettee 
substance precedes that of the Aims, infection is ])rcvented. When the Aims be- 
comes fixed to the cell it is protected by the latter, and the neutralizing antiserum 

i is unable to affect it. Theimmunc Jiodies in the serum seem to act directly on the 
Airus Avithout the intervention of comidement or leucocytes which are so essential 
in.bacterial immunity. 

The lesions jiroduced by viruses arc varied. There may be: (1) cellular changes, 
(2) inflammation, or (3) no detectable lesion. The cellular change is the primary 
one. It may take the form of hyperplasia, degeneration or lysis. The hyperj)lasia 

/ is marked in such lesions as A'ermca vulgaris (warts), molluscura contagiosum, 
foAvlpox, the Rous sarcoma of chickens, the Shojic iiapilloma, and the A’ims-produced 
adenocarcinoma of the frog’s kidney described by Luck6. The virus cAndently 
stimulates the cell to reproduce. Coll diA'ision is usually amitotic, but numerous 
mitoses may also be seen. (What relation, if any, has this to the jwoblem of cancer?) 
Degeneration of the cells attacked is scon in smallpox, herpes, jioliomyelitis, rabies, 
etc. Lj’sis is best seen in the jihenomenon of bactcriophagy. Inflammatory changes 
occur in many virus diseases, but they are secondary rather than primary. The 
characteristic cell is the mononuclear or lymphocyte, no matter how acute the 
disease, but there may be many polymorphonuclcars, as in poliomyelitis. The 
central nervous system is a common site of A'irus diseases in man, and here the in- 
flammatory lesions usually take the form of periA'ascular collections of mononuclear 
cells. 

With this surA-ey of the general characteristics of Aurus diseases, some of the 
examples in man will now be described. 
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Smallpox.— Sma]Ip.QX.O]:.mWQ?aJs.aiiacute,infectipus fever characterized 

b^the formation oi “pocks!l.or pustules in-the-Skin. Headache and per- 
sistent pain in the back are characteristic symptoms. After an incubation 
period of ten to twelve days the skin lesions appear and slowly develop. 
At first they are papules, in the course of a few days these become vesicles, 
and the vesicles are con\-erted into pustules, over which scabs are formed. 
Healing occurs under the scabs or crusts, but when these are cast off a 
scar may be left. The depth of the scar depends on whether or not the 
destructive process has reached the cutis vera. 'Hi.e.disease.is extraordin- 
arib- contagious, ^the..infection being conveyed. by the.discharge from the 
lesions and by the crusts. Thisjnay.happen.from personal contact, from 
cont’actjyith clothing or possessions of _the patient, or by airjransmission, 
thg^^irus J)eing carried on particles of dust from the scabs. Before the 
introduction of vaccination the disease us^ to be as common as measles. 
It was seen mostly in children, because a previous attack bestowed on 
adults a permanent immunity. Macaulay with characteristic rhetoric 
speaking of 17th Century England paints this picture: “The small pox 
was always present, filling the churchyards with corpses, tormenting with 
constant fears all whom it had not yet stricken, leaving on those whose 
lives it spared the hideous traces of its power, turning the babe into a 
changeling at which the mother shuddered, and making the eyes and cheeks 
of the betrothed maiden objects of horror to the lover.’’ 

Aloslrim is a form of smallpox met with principally in South America. 
It differs from smallpox in having a very low mortality, but is probably a 
variant of that disease due to the same cause. 

Smallpo.xJs.a good example of a disease caused by a.cj’totropic 
filterable virus. The infective agent is a filter-passer, characteristic 
inclusion bodies are found in the local lesions, and there is a topical repro- 
dlLCiioiuoCthe The virus can be grown in artificial culture with 

pieces of growing, skin, multiplication being shown by-the result of sub- 
sequent.inoculation, which is the only method of proving that a filterable 
vir us i s still active. The inclusion bodies were first described by Guarnieri, 
and are known as Guannen bo dies (Fig. 83). They are present in the cyto- 
plasm of the epithelial cells oTthe skin lesions and are easily produced by 
applying a small quantity of virus to a scratch in the cornea. They may 
be merely a degeneration product of cytoplasm, but it appears* more 
probable that they represent some multiplying form of the virus, a colony 
of the minute granules which are seen in the discharge from the lesions and 
in -vaccine lymph, and which seem to constitute the actual infective agent. 

Qnlyjame of thalesions of smallpox are specific, i. e., are due 
to, the virus itself. The others are due to. the -secondary streptococcal 
infection .which.seems to occur in^very case. The streptococci are respon- 
sible-for-the-pustular-lesions,.and usually for the death of the patient. The 
specific lesions are the papules and vesicles of the skin. The virus is epi- 
fhehotropic and multiplies in the epidermis. There is a peculiar degenera- 
tion of the epithelial cells which become swollen (ballooning) and undergo 
, is more marked at the periphery of the lesion, 

. . ■ umbilicated ap- 

■ ’ hut this is clear 
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and almost free of cells. lYhen suppuration occurs it is crowded with pus 
cells. lu-tlicjvtos icul ar stage there arc ahunclaut plasma cells in the tissues, 
but in the pustular stage' these, are replaced by polyiuorj)lionuclcar leuco- 
cytes' The Guarnieri bodies have already been described, 'the inucous 
inbmbranes of the mouth and nose show the same |esi()ns as the skin. In 
the internal organs there arc lesions of focal necrosis (liver, kidney, hciirt) 
due to the secondary infection. Inflammatory necrotic nodules in the 
testicle arc common. Death is often due to bronchopneumonia. 

Eabies.— Rabjes or hydrophobia is a disease affecting animals (carnivora, 
c. ()., dog, wolf) and man. The infection is transmitted to man by the 
bites of rabid animals, the infective agent being c.x'creted in the saliva. 
The iueubatiou period is fortunately remarkably long, usually over two 
months, and in rare cases as long as a year. This gives time for preventive 
treatment. The length of the incub.ation period depends on the position 
of the bite, being very much shorter in bites of the face and head than in 
bites of the leg, for a reason that will be apparent shortly. The principal 
symptoms are cerebral irritation, pharyngeal spasm csjjccially at the sight 
of water so that the patient is unable to drink, and generalixed convulsions. 
The disease is invariably fatal unless preventive treatment is employed. 

/?<tofory.7y. — Rabies, like smallpox, is a good example of , a cytotropic 
virus disease. It is enused by a filter-passing agent whieJv is, neurotropic, 
s.p.thut the true lesion is in the nerve cells of the brain. 'I'he disease can be 
produced by inoculating an emulsion of the brain of a rabid anim.al into the 
subcutaneous tissue of another animal. It may, if wished, first be passed 
through a Berkefeld filter. As the symptoms are cerebral it is evident that 
the virus must pass from the site of inoculation to the brain. Like other 
viruses it does not travel by the blood stream, b,ut,.passes along the pe- 
ripher.'d nerves, probably along the axis cylinders, as Goodpasture has 
shown to be true of the virus of herpes simplex. It is for this reason that 
the incubation period is long for bites on the foot, short for bites on the 
iiead; it is all a question of how far the virus has to travel. Qncc.the virus 
reaches the central nei'vous system it is rapidly disseminated throughout 
the brain and spinal cord. 


Lr.saV)7i.s-.— There are no naked eye changes apart from congestion of the 
gray matter of the brain and cord, hi icroscopically there is cell degenera- 
tion, phagocytosis of the degenerating cells, and collars of inflammatory 
cells (lymphocytes and plasma cells) around the small blood\'essels. The 
pathognomonic feature is the presence of Negri bodies. These are inclusion 
bodies varying much in size found in the cytoplasm of the ganglion cells in 
the hippocampiis major as well as in the cells of the medulla, cerebellum, 
etc. 1 hey are acidophilic bodies with a blue center. hen a dog suspected 
of rabies has bitten a patient, the dog's brain must be c.xamined for Negri 
bodies. The most rapid method is to take a cover-glass impression of the 
cut^ surface of the hi])pocampus major, but a more certain method is to 
stain .sections. The nature of the Negri bodies is still a matter of dispute, 
ior those best (pialified to judge are divided in oj)inion as to whether the\’ 
represent aggregations of the virus or merely degeneration products of 
cellular origin. 
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Preventive lnoculation.~lt is rather strange that the modern treatment 
of rabies is that introduced by Pasteur who had never heard of filterable 
viruses or Negri bodies. Pasteur found that the spinal cord of rabbits 
•infected with the disease was rich in the virus, as shown by the results of 
animal inoculation. He also found that he could lower the virulence of the 
virus by the simple expedient of hanging up the cord and allowing it to 
dry. By drying a series of cords for varying lengths of time he obtained a 
series of viruses of varying virulence. Treatment is of no avail once the 
symptoms have manifested themselves, buf Pasteur availed himself of the 
very long incubation period which is ^ striking a feature of the disease. 
He found that if inoculation with attenuated virus was commenced within 
five daj-s of receiving the bite it was succ<»sful in nearly 100 per cent of the 
cases, that is to say there was complete prevention. This is surely an 
extraordinary tour de force for the earliest days of modern bacteriology. 

Yellow Fever.— Yellow- fever is an. acute infection .with. high, fever* 
acute nephritis, hemorrhages in the skia and from the^stomach and bowels' 
and jaundice. It occurs^ in certain endemic centers in Central and South 
America and in West Africa which iii the past have served as starting-points 
of epidemics. The American centers have been almost completelv con- 
trolled, but that is far from being true of West Africa, where both Stokes 
and Noguchi died of yellow fever while investigating the disease, The 
mortality is above CO per cent, but if recovery takes place a permanent 
immunity is established. The virus is transmitted from one person to 
another by a mosquito, Stegomyia fasciata (Aedes regypti), IHvelve days 
must elapse before the mosquito becomes infective for another person. 
The story of the Reed Commission which worked out the method of trans- 
mission, and of General Gorgas who waged war on the stegomyia and 
cleansed Havana and Panama of yellow fever after they had been infested 
for centuries, is one of the romances of medicine. 

A notable advance is the discovery of an animal which can be infected 
experimentally. The Reed Commission had to use two of their own num- 
ber as experimental animals to prove that infection was con\-eyed by the 
mosquito, and Lazear died as the result of the experiment. Stokes showed 
before his death that the monkey can be infected, and all the recent work 
has been done on Maeacus rhesus. lt_is-now-possible to demonstrate the 
presen ce nf -immune bodies-iii-the blood of the-majority of-the.mbabitants 
of .some West African villages, as their blood will protecta monkey against 
inoculation A'.ith infected material. MocfOYfiE-a-vaccine has been prepared 
from-the liver-of monkeys which-have recently died-of yellQW.fev£r. This 
vaccine will completely protect a monkey from a dose of 1 gram of infected 
liver, although a dose of 0,0001 gram is fatal for non-immumzed animals, a 
truly remarkable degree of immunity. 

These serve to explain very completely the clinical sj'mptoms 
Theji’irus-attacka-the jcapillaries, the liver, and the .kidneys*_so_that there 
are_ hemorrhages,- jaundice, and-marked. urinary disturbances. There is 
hemorrhage into the stomach, thus giving the “black vomit” which is so 
characteristic of the later stages. The intestine may be full of blood. 
There are hemorrhages in the myocardium, endocardium and epicardium 
The most characteristic of all the lesions is the “Councilman lesion” of the 
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liver. This is a non-inflamraatory liyalinc. necrosis. affecting. many.. liver 
cells .and.forming a. dense acidophilic, mass in the cytoplasm. As the con- 
dition advances areas of necrosis are produced and the Ijilc passages are 
ruptured. vith escape of the bile into the blood, but it is the early discrete, 
lesion which is really characteristic. Intranuclear acidophilic inclusion 
bodies have been described in the liver cells in both the human and the 
experimental disease. (Hoffmann.) There is an extensive necrosis. of the 
renal- epithelium, so that the convoluted tubule? arc blocked with necrotic 
cells; the.marked, albuminuria, abundant casts, and final anuria are natural 
sequels, and they arc among the .worst prognostic signs. The spleen is of 
normal size, but shows a striking loss of lymphocytes. Congestion and 
hemorrhages in the lungs are common. 

Poliomyelitis.— Poliomyelitis is an acute infection of the grey matter of 
the spinal cord and brain, and null be dcscrilmd in connection with Diseases 
of the Nervous System. As it happens to be a virus disease, some of the 
bacteriological features will be considered here. 

The virus. is an ultra-microscopic filter-passer, and is markedly neuro- 
tropic. It becomes associated rvith the motor cells of the central nervous 
system whether it is injected into the brain, painted on the naso-pharyngeal 
mucous membrane, or inoculated into a peripheral nerve. Like the virus 
of rabies, it appears to pass along the axis cylinders of the nerve until it 
reaches the central neiu'ous system, where it becomes widely disseminated. 
The symptoms may suggest a localized infection, but the nervous lesions 
are always widely spread. The very important practical question of route 
of infection and method of spread of the disease arc considered in (.’iiapter 
31, page 835. 

Intranuclear inclusion bodies ha^■o been described b}' Hurst in degener- 
ating cells in the early stage, but not when the cell has become necrotic. 
As in other \'irus diseases immunity is life-long. The blood contains im- 
mune l3odies many years after the acute attack, and these have been \iscd 
for the treatment of early cases. 

Herpes. —There are two different forms of herpes, herpes simplex (febrilis, 
labialis, corneaiis, genitalis) and herpes zoster, /(erpes sfisfer follows the 
distribution of the spinal. nerves, is accompanied by changes in the spinal 
fluid, and the attack. is followed by permanent immunity. Herpes simplex 
is recurrent, does not follow the line of nerve distribution, and is not ac- 
companied by changes in the sjjinal fluid. Both are probably virus diseases, 
the site of attack being the sensory nerve ganglia. 

It is a remarkai)le fact that when the virus of herpes simplex, so harmless 
in man, is inoculated into the cornea of a rabbit, a fatal encephalitis is 
produced. Goodpasture has shown that the ])ath of absorption is along 
the axis cylindcr.s of the nerve supplying the jiart, whether it is sensory% 
motor, or sympathetic. The histiological criterion for the action of the virus 
is the presence of Lipschtltz bodies, which are intranuclear inclusions found 
both in the epithelial cells of the jn-imary lesion (skin or cornea), and in the 
nerve cells in the brain or cord from which ner\’e fibers pass to the part 
affected. In both instances they i\re a proof of the dii'ect action of the virus 
on the cells. 
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Mumps.— Mumps or epidemic parotitis is caused by a virus which can 
be demonstrated in the saliva. The disease can be reproduced in monkeys 
by injection of a filtrate of saliva from human cases into Stenson’s duct. 
The lesions produced by the \Trus are epithelial necrosis and round cell 
infiltration of the interstitial tissue. Inflammation of the testis (orchitis) 
occurs occasionally, and rare complications are acute pancreatitis and 
meningo-enccphalitis. 

Measles.— Measles because of its extreme contagiousness, is. one- of the 
commonest diseases in the world. It is probable that the causal agent is 
an ultra-microscopic virus. The life-long immunity conferred by one attack 
supports this view A second attack is extremely rare. Contagion is due 
to direct exposure to a case of the disease. The e.xperimental ijijection of 
infected blood into human volunteers and monkeys has been successful in 
producing the disease. 

The immunity following .an attack of measles is associated with the 
presence of immune bodies in the serum, an d the se can be_used.as a.mcans 
of treatment and .prevention. ^reasles-is.an-outstanding example of a 
\icus.dise.ase,. which can’ he controllcd by immune serum- therapj*.* The 
immune serum may prevent or modify an attack. 

The chief symptoms are fever, the characteristic rash, and evidence of an 
acute catarrhal infcctinn of the upper respiratory tract and eyes. Tlie 
commonest complication is bronchopneumonia. 

In_the the chief change is a round-cell infiltration about the blood- 
vessels, hair follicles, and sweat glands In th e deeper la yers of the epi- 
dermis there are areas of colloid degeneration.of, the.epithelial cells passing 
into coagulation necrosis. These areas are surrounded by fibrin and Jeuco- 
cyt^'anH are probably due to the direct action of the virus on the epi- 
thelium. 

The mucous vicmbrane of the mouth end upper respiratory tract shows 
catarclial inflammation. In the mouth the epithelium is thickened and in 
places shows foci of fatty degeneration, giving rise to the white dot which 
forms the center of the KopHk spot, the p.athognomonic sign of measles 

The lungs of fatal cases nearly alwaj-s show bronchopneumonia. This 
should be regarded as a complication rather than as an essential lesion. If 
the patient recovers from the bronchopneumonia he may develop an acute 
form of pulmonary tuberailosis due to the lowered resistance produced by 
the \irus. 

The lymph nodes and spleen may be swollen, but never to any great 
extent. A peculiar giant-cell formation may occur in lymphoid tissue. 
This has been observed in the tonsils (Uarthin) and in the appendix in 
the prodromal st.age. Monkeys injected with blood from measles patients 
show giant cells in the Ijonph nodes (Gordon and Knighton). The spleen 
is seldom . palpable. The liver often shows areas of focal necrosis. The 
brain may be the seat of a meningo-enceplmlitis, a lesion which will be 
described in connection with that disease. The blood shows a characteristic 
leucopenia, due to a diminution in the number of pol.nnorphonuclear 
leucocytes. This forms a striking contrast to the leucocytosis of scarlet 
fever. 
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Influenza.— Influenza is the most puzzling of all tlie infectious diseases. 
It is usually tlie mildest of infections, lightly referred to as “a touch of tlie 
flu.” At long intervals it suddenly assumes a virulent form, and like “a 
blast from the stars” great epidemics and pandemics sweep across the world 
killing millions of people. At such times, as in the 1918-1919 pandemic, it 
seems that “the Angel of Death is abroad in the land; you can almost hear 
the beating of his wings.” During that pandemic 500,000,000 were at- 
tacked and 15,000,000 rvere killed, more than were killed amongst all the 
combatants in World War I. Are these tAvo diseases the same although of 
different intensity? It is hard to say, because we have no criterion by 



Fig. 84. — Tonsil in measles. 
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which influenza can be recognized with certainty apart from its epidemic 
chai’acter. there is no infallible clinical symptom, no certain laboratory 
test, no pathognomonic autopsy lesions. \ 

Etiology. -At the end of the great pandemic of 1889-1892 Pfmft’er f ound 
, a ininute Gram-negati\'e hemophilic bacillus in the. sputum and bronchial 
l^passages of influenzal patients, and concluded that this must be the cause 
of the disease, so that it became known as IBacillus influenzae. It has now 
djceii established that epidemic, influenza is caused by a viiais, or rather by 
at least two viruses, A and B, of which A is by far the cohimoher; B has 
only been found in small isolated outbreaks. The two viruses are perfectly 
distinct, as shown by neutralization tests with immune seruin. None of 
the ordinary laboratory animals are susceptible to direct inoculation from 
man, but in 1933 Smith, Andreives and Laidlaw showed that ferrets are 
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susceptible and also swine. After passage through the ferret white mice 
can be infected by instillation into the nostrils. Ferret infection fs conta- 
gious whereas mouse infection is not. TI\c explanation of the difference is • 
simple; the ferret sneezes and the mouse does not. Pneumonia only occurs 
after either anesthesia or after repeated passjige through ferrets. The 
solid lung is bacteriologically sterile, but ricli in virus. Tlie \irus respon- 
sible for the great 1918 pandemic can no longer be isolated from man. It 
has vanished. It used to be believed that the virus passed into suine, 
causing the swine influenza which appeared in 1918, and that it survives 
in swine though dying out in man. Unfortunately this pretty theory has 
now to be abandoned. The cause of endemic influenza, commonly called 
grippe, has not yet been deter- 
mined. It is apparently not due 
to cither the A or B virus of epi- 
demic influenza. 

The part wliich other organ- 
isms may play in association w ith 
a virus is well illustrated by 
Shope’s work on suine influenza. 

This disease can be produced ex- 
perimentally in pigs by means 
of a filterable virus acting in eon- 
Junctiou with Hemophilus iuflu- 
enzK suis, a small hemophilic 
organism nluch is present in the 
natural disease, but is quite un- 
able to induce the disease by it- 
self when inoculated intranasally. 

The virus alone uas unable to 
produce the typical disease, but 
did cause an exceedingly mild in- 
fection which was contagious. 

The combination of the compar- 
athely innocent virus and a cul- 
ture of II. suis produced severe 
and typical lesions, so that it 
appeared as if the virus conferred 
powers of invasion on H suis. Some such coordinated mechanism may 
be at work in human influenza 

iwons.— The lesions of fatal cases of influenza will be described in 
connection with diseases of the respiratory system It may be said here 
^ut in alLcasesjhe.essentiaLlcsiQa seems to bcJiu_acute inflammation of 
tKoiippcr respiratory-tract,,cQniinencing.iathe nasopharynx, affecting the 
sphenoidal and other.air sinuses, and passing down to cause a tracheo- 
bronchitis. Patches of interstitial pneumonia w ith monOnuClCar'colIec^ions 
inThe broncliial walls similar to those already described in measles form a 
characteristic feature. Tlie influenzal pneumonia with great hemorrhagic 
edema in the jiulraonary alveoli which is so frequently seen at autopsy is 
probably due to secondary invaders. 



Fic 86 —Salivary gland incla«ion disease 
( Kmdnes'i of Dr \V L Donohue ) 
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INCLTJSION Disease.— This condition is also known as cytomegalic _ inclusion 
disease and generalised salivary .gland \drus infection. Tiie occurrence of inclusions 
iiTth^salivary glands of the newborn, infants and young children has long been 
recognized. The inclusions may be intranuclear or cytoplasmic. The former may 
occur alone,, the. latter never in the absence of the former. The intranuclear body 
is. a. large .dense mass .which is acidophilic or may be purjdish with hematoxylin and 
eosin (Fig. 86). The cytoplasmic bodies are small and basophilic. The infection 
appears to be primary in the salivary glands, and the lesions are identical with 
those of salivary gland virus disease of rodents. The human disease, however, is 
not transmissible to animals, nor does growth take place on eggs or tissue culture, 
so that the evidence in favor of a virus is merely by analogju In rodents the in- 
fection is confined to the salivary glands, but in the child it may become generalized 
and cause death. A great variety of organs may be affected, but the liver, kidney, 
pancreas (islets of Langerhans) and lung (interstitial pneumonia) deserve special 
mention. Excellent illustrations of the inclusions will be found in the papers by 
Smith and Vellios, and by Wyatt, Saxton and Pinkerton. 

Psittacosis.— This is another disease of animals occasionally transmitted to 
man. It is a disease of South American parrots and jiarakeets {psiilakos, parrot), 
often known as parrot fever, and when a pandemic occurs among the birds, small 
epidemics are certain to appear in the countries to which the parrots are exported. 
Canaries and finches in contact with parrots may acquire the infection. Man to 
man infection may occur, but is not common. The last notable epidemic occurred 
in 1929-1930 in many parts of Europe and America, but even in epidemic periods 
the disease is really rare. It is extremely infective for laboratory workers investi- 
gating the disease, even though they have not come in actual contact with diseased 
parrots. T.he_ virus. is present in the nasal discharge and feces of infected birds, 
contaminates. the air in-tlie vicinity of-the cages, and is inhaled by persons in the 
vicinity. 

The onset is sudden with fever, intense headache, gastro-intestinal disturbance, 
and a clinical picture often mistaken for typhoid fever. The jibysical signs, on the 
other hand, are those of an atypical pneumonia. There is consolidation and cough, 
but no sputum, pleurisy or leucocytosis. The presence of a parrot in the histor}' is 
necessary for a positive diagnosis. The mortality in the English cases was 20 per 
cent. There is a reliable complement fixation test, but it is also positive with the 
serum in lymphogranuloma venereum ; the Frei reaction is also iiositive in psittacosis. 

For long it was thought that a bacillus of the paratyphoid group, first described 
by Nocard and known as Nocard’s bacillus or Bacillus psittacosis, was the causal 
agent. It was shown in 1930, however, that the agent was a filterable idrus. 

Lesions . — The chief lesions are in the lungs. There is a patchy pneumonia, but 
with very little fibrin in the exudate and no fibrinous jileurisy. The really character- 
istic lesion, however, is a remarkable swelling of the ejiithelium. lining the alveoli 
and a proliferation of the cells as indicated by numerous mitotic figures. The 
jiroliferated cells may become desquamated and form characteristic clumps and 
plugs in the alveoli. Apart from this the human lesions are not characteristic, for 
they are very varied, due probably to secondary infections. In inoculated mice 
foci of necrosis are found in the spleen and liver. The bronchioles are filled with 
an exudate which blocks the lumen and causes areas of collajise to be formed. 
Rickettsia-like inclusions have been described in the endothelial colls of the lung, 
liver and spleen in parrots which have died of the disease. Other lesions in the bodT" 
are a moderate degree of enlargement of the spleen and congestion of the internal 
org.ans. 

Epidemic HEMoimuAGic Fever.— This disease has been endemic in the Far 
East for many years and has been reported by Russian and Japanese observers in 
Manchuria and Siberia. It has been brought to the attention of Western medicine 
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by the occurrence of many cases amor^t the United Nations’ forces in the war in 
Korea (Mayer; Hullinghorst and Steer). It is believed to be a virus or rickettsial 
disease, the infective agent being carried bj' small rodents such as the field mouse 
and mole, with a mite as the insect vector, but none of this lias so far been proved. 
The portal of entry is not known. The agent is extremely virulent, must multiply 
rapidly, and appears to produce a diffusiable capillary toxin which gives rise to 
widespread hemorrhages. The condition is different from any other known hemor- 
rhagic disease. The chief clinical features are oliguria, anuria, uremia, shock-like 


The principal lesions are: (1) widespread capillary hemorrhage but without 
apparent capillary damage or thrombosis, (2) a peculiar type of coagulation necrosis 
suggestive of infarction, but without vascular occlusion, (3) a cellular infiltrate 
consisting mainly of mononuclear macrophages seen principally in the myocardium, 
pancreas, spleen and liver. The cellular infiltrate is not related to the necrosis nor 
the hemorrhage. The hemorrhage is most severe in the gastrointestinal tract and 
the kidneys. Tlie necrosis is best seen in the kidneys, pituitary and adrenals. 

The kidneya present a dramatic picture to which the Russians have given the 
name of renal apojilexy. The organs are enlarged, the average weight being over 
500 grams Perirenal hemorrhage is frequent. The cortex is pale, but the medulla 
is deep red m color. Pale areas of necrosis may be detected in the pjTamids and 
...... . . . ’ e collecting 

at the toxic 
Nephrotic 

lesions and numerous pigment casts in the tubules may be attributed to the ac- 
companying shock. Marked hemorrhage in the renal pelvis is a common feature. 
The pituitary is nearly always soft and hemorrlu^ic, and infarct-like areas of ne- 
crosis are present in tlie anterior lobe. In one-third of the cases the entire anterior 
lobe is destroyed. There may be hemorrhage, but no necrosis in the posterior lobe 
and hypothalamus. The adrenah present hemorrhage in half the cases, and often 
large areas of necrosis. In the heart a distinctive feature is severe subendocardial 
and subepicardial hemorrhage frequently limited to the right auricle. The left 
aiiricle is less often hemorrhagic, but mononuclear infiltration is more common, 
and this may involve the adjoining ventricle The entire gastrointestinal tract is 
deeji red from hemorrhage, but tins is most marked in the lower part of the small 
intestine. 


RICKETTSIA DISEASES 

In 1909 H. T. Ricketts described minute bodies in the blood of patients suffering 
from Rocky Mountain fever and in the tick which carries the disease, ^n 1910 
Ricketts and Wilder found the same minute bodies in the intestinal canal of lice 
winch had fed on tj-phus patients. These arc now known as Rickettsia bodies or 
simply Rickettsia;. They are just risible, being from 0 3 to 0 5 micron in diameter 
Their filtcrability is doubtful. 'They vary in shape, and stain best with Giemsa It 
is now known that there are many different vaneties of Rickettsia;. They are all 
transmitted to man by some insect (arthropod) vector. They grow only in the 
cytoplasm of bring cells, not on artificial culture media; for this Tea'^3n typhus vac- 
cine IS grown on the yolk-sac of dereloping hen’s eggs. In man they live only m 
the mcsothelial cells of the vascular and reticulo-endothelial systems. Tliey cause 
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commonest of all the diseases affecting the troops in France during IVoi'ld IVar I. 
It is an acute febrile disease characterized by gi'cat prostration, severe pain in the 
muscles and bones (“shin bone fever”), and recurring attacks of fever often at 
intervals of five or six days (“ intermfftent fever,” “five-day fever”). Pain in the 
muscles is severe and vciy charactcri.stic. In many cases there is a. rod m.'uadar 
rash. It will be seen that the symptoms are not unlike those of typhus aiul Rocki- 
Mountain spotted fever. A striking feature is the long period during which the 
patient harbors the infection. Lice have been infected from a patient more tluin a 
yetir after the onset of the disease. The recurrcncc.s which sometimes occur many 
months after the initial attack are thus easy to understand. 

Infection can be transmitted from one jicrson to another by the injection of whole 
blood or of washed red or white corpuscles, but not by the u.so of .scrum. The 
infection is therefore carried in the cells. Tlie Rickettsiae are found in lice which 
have fed on trench fever patients. The organisms are jircsent in enormous numbers 
in the excreta of the louse. Infection is due either to bites or to c.xcreta being rubbed 
into scratches and abrasions. 

RiCKiiTi'siAL rox.— A new rickettsial disease was recognized in 1 D IG in New York. 
Because of an eruption not unlike atyiiical chickenpox it w.as named rickott.sialjjox. 
The jirognosis is uniformly favorable. The initial lesion due to the bite of a tick is 
a dark red jiapule. There is mild fever of about one week’s duration, a ixijMdo- 
vcsicular rash, sore throat, and in some cases enlargement of lymph nodes and 
spleen. Knowledge of the lesions is dciiendcnt on biopsy material (Dolgopol). The 
initial lesion resembles that of scrub typhus. Tiic rash is similar microscoiiically 
to that of other rickettsial diseases ; there is the same cellular infiltration and vascular 
change. In the lymph nodes the necrosis characteristic of scrub typhus is absent. 

Q-fever will be described in the section on Lungs. 
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DISEASES CAUSED BY ANIMAL PARASITES 

Pathogenic parasites are of common occurrence even in temperate 
countries, and when the tropical parasites are included we meet some of 
the most widespread diseases of mankind. Many of the parasites pass 
through a complicated life cycle, which adds to the interest (and the dif- 
ficulty) of the subject. Very few parasites pass their life cycle in only one 
host. The eggs produced in the body of a man or animal do not develop 
in the same body. They may develop into larvie in the soil, or they may 
be ingested by another host and develop there. The definitive host is the 
host of tile adult parasite (sexual cycle), and the intermediate host is the 
host of the embryo (asexual cycle). Thus man is the definitive host of the 
common tapeworms, but the intermediate host of the malarial parasite. 
A vector is a means of conveying parasites to a new host; vectors may be 


fully. 

The teacher of pathology commonly finds that the student experiences 
great difficulty in mastering the subject of the animal parasites, for vhich 
he is apt to acquire a marked distaste. This is because he is overu-helmed 
by the number of parasites and the need of learning the exact dimensions 
of the male and female of each species. For this reason only a limited num- 
ber of parasites will be describe here, and emphasis will be laid on their 
biological behavior and the disturbances they produce in man rather than 
on their structural detail. The latter can be obtained in any book on 
parasitology. 

The subject will appear less vast and confusing if the beginner will 
realize the following facts. Disease-producing parasites belong to two 
great groups, protozoa (uniceWiilarorganh ' ’ 

im portant protozoal parasites, cau s ing n • ' ... 

s olhia^ is ^ pnc l nmmbi cI5!vsentcry. 'lhe~ 

t^pen'Drms-aud.rmmdyvprms. Of these one fluke will be considered, four 
tapeworms, and six round worms A wealth of information and superb 
illustrations will be found in the Atlas of Pathology of Tropical Diseases 
by Ash and Spitz. 

It may be well to point out that parasitism, whether animal or bacterial, 
is not necessarily a matter of invader and defender. The point of view of 
the parasite must also be considered The host provides the parasite with 
all the comforts of life. It is really a biological accident if some metabolic 
incompatibility between host and paraate should lead to the manifestations 
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of disease. The successful parasite is the one which does not jeoi?ardi'/(! 
the survival of the host, because in so doing it jeopardizes its own survival. 



PEOTOZOA. 

Entamreba Histolytica. -This is the cause of amebic dysentery, which 
is considered in eonneetiou with diseases of the intestine. The aiueba is !i 
single cell from 20 to .30 microns in diameter, with an outer hyaline ecto- 
plasm and an inner granular endojdasm. Alovcment is elVeeted ])y an 
outflowing of the outer liyalinc zone in the form of i)seudoi)odia into wlucli 
flows tlie granular endoplasm, fl'hc parasite is recognized l)y its mobility, 
which can lie studied in an absohitcly fresh specimen of feces on the warm 
stage of the microscope. blifVcrentiation from the liarmle.ss I'nitamndra 
coli, which also occurs in the stools, is difficult; Entanueba histolytica 

frequently contains red blood cells 
_ and vacuoles, whereas 1‘hitamreba 

coli does not. In chronic cases, such 
as arc seen in temperate countries, 
there are often no mol)ile forms, for 
under unfavorable conditions the 
ameba becomes globular, shrinks in 
size and is converted into a cyst 
measuring 10 to l.o microns and hav- 
ing an outer capsular layer. The 
cystic forms of Entanueba histo- 
lytica and Entiunmba coli arc much 
more easily differentiated than the 
active forms, for the former cysts 
have four nuclei when fully dcvel- 
(Fig. 87.) The cysts arc the in- 
fective form of the parasite, for the active form is killed by the gastric 
juice as it passes through the stomach. Multiplication is by direct division ; 
there is no sexual stage. 

The ameba is arrested in the colon, where it may invade the mucosa and 
set up the acute inflammation of dysentery. From the intestine it may 
invade the radicles of the portal vein, be carried to the liver, and there 
give rise to amebic abscesses, fl'lie disease is si)read from person to person 
and by flies. While fly infection must be guarded against in the country, 
in the city the chief danger is from food handlers who are chronic carriers, 



A 


B 


Fig. 87.~./1, Cy.sl of E. histolj'fic.a 
.stained with iodine, .showinfi 4 nuclei; 
B, cyst of ]'h coli with 8 nuclei. (Rlnck- 
lock and Southwell, Human Parnsitol- 
ogy, H. K. TiCwis & Co.) 


oped, the latter have eight nuclei. 


and in whose stools the cysts may be found. Amebic dysentery is endemic 
in tiu| tropics, but isolated cases and occasional epidemics occur in England, 
the bnited States, Canada, etc. These can usually be traced to 
ri(“r.s. Infe.stinal amebiasis is a common condition; indeed it is < 
thiit 10 per cent of the jmpulation of the United States (3 j)er eci 
cities) harbor Entama>ba histolytica in the intestine. But we 


the, bnited States, Canada, etc. These cun usually be traced to food car- 
riers. Infe.stinal amebiasis is a common condition; indeed it is estimated 

cent in large 

. , , must dis- 

tinguish between amebiasis and dysentery. As Lynch remarks: “Amebic 
dysentery is the conijiaratively uncommon acute phase or end-result of 
inte.stinai amebiasis." It is not known what upsets the usual balance 
between parasite and host. 
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BalaktidiumColi.— This is a ciliated protozoon parasite ^\!iieh, like Entama?ba 
histolj'tica, occurs in the bowel in an actiTC or trophozoite form and in an encysted 
form. The cysts are passed in the stools and are infective, w Idle tJie active form 
dies outside the body In the intestine the eiM^'sted parasites develop into 
trophozoites, which invade the mucous membrane and produce ulcers, chiefly in 
the large intestine, but occasionally in the lower part of the small intestine. The 
ulcers resemble those of amebic dysentery, and the symptoms are dysenteric 
in type. 

Plasmodium Malarias.— TJjb malarial parasite was tlisco\’ered by La- 
veran in ISSO, and in 1895 Ronald Ross showed that the disease was trans- 
mitted by the anopheles mosquito. These are the two great landmarks in 
the fight against one of the most important diseases which afflict man. 
The word malaria is of interest. It means had air (nialo, bad; on'er, air), and 
is a reminder of the days when the disease was thought to he transmitted 
by the miasmic vapors of marshes. It was the mosquitoes, not the miasmas, 
that lived in the marshes. Among all tropical diseases malaria is supreme. 
It is the most persistent, the most destructive, the most widespread, and 
the most difficult to control. Osier, indeed, has called it the greatest single 
destroyer of the human race. Those peoples touched hy the shaking finger 
of malaria have undergone a gradual decadence, as may be seen in the 
history of Greece and Rome. 

There are three forms of malaria h ciiien tet liAn-.Cimited-hyJ!]as modiuro 
quartan ca used. !>^L.Rl«'>smo(num malarire, and malignant tertian or 
suljtertiffirTaiised hy Plasmodium fafeiparum The third form is also 
known as ptirozaiiiunmal, beeaxise in subtropical countries it occurs 
principally m the later summer and autumn. In benign tertian the charac- 
teristic chill or attack of fever occurs every forty-eight hours (every other 
day) and lasts only two or three hours, in quartan it occurs every seventy-^ 
two hours (every third day), and in tlie malignant tertian it occurs every 
forty-eight liours but is prolonged for several hours with a plateau rise of 
temperature making the attacks seem closer together. The distribution is 
ns wide as that of the annplicles mosquito; it embraces the tropics, the 
southern United States, and many parts of Italy, Greece, the Balkans, etc. 
The disease may recur after one or several years, for the parasites hide in 
the spleen and bone-marrow, and come out when the patient goes to a cold 
climate. The parasite passes an asexual stage of its life cycle in man and 
a sexual stage in the mosquito (See Plate IV.) 

.l^cxaflf The tertian, the commonest form, will he taken as an 

example. ^Micn an infected mosquito bites a man it injects a large number 
of rod-shaped parasites know n as siwn/zoiles or spores into the blood stream 
One sporozoite attaches itself to an erythrocyte, penetrates it, becomes 
rounded, and enters on the stage of asexual development. A multitude of 
names have been given to the various steps of the process by zoologists, 
but these will be omitted for the most part. The parasite, being a cell, 
consists of a nucleus and cytoplasm It forms a rounded body within the 
red blood corpuscle, the nuclear chromatin staining red with Wright’s stain 
and the cytoplasm blue. Tlie parasite often assumes a signet-ring form, 
w ith rc<l nucleus at one side of the ring. The parasite grows rapidly at the 
expense of the hemoglobin, so that the red cell becomes pale and sx%ollen. 
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The parasite contains dark brown granules of pigment dwived from the 
hemoglobin and commonly called malarial pigment. Tlie i)igmcnt is 
manufactured by the parasite, and docs not give the reaction for hcino- 
siderin. The cytoplasm of the erythrocyte shows a fine red stippling 
(Schiiffner’s dots) which is not seen in the quartan and estivo-autumnal 
forms (see colored plate). Asexual division then occurs. The nuclear 
chromatin divides into 18 or 20 fragments (in the tertian type), and the 
cytoplasm is divided so as to surround each of these. The new liodies are 
arranged around the periphery of the erythrocyte to form a rosr.lic. Tin- 
rosette breaks up into a number of new individuals or mcrnzoilen, and at 
the end of forty-eight hours these are discharged from the ghostly rcinains 
of the erythrocyte into the blood stream. This process is repeated in all 
tiie infected erythrocytes at practically the same time, and it is the sudden 
outpouring of foreign protein into the blood which is the cause of the chill 
and fever. Each mcrozoite now becomes attached to and enters a fresh 
erythrocyte, and the whole process is repeated. It is evident that a pro- 
found anemia may be produced in this way. 

Sexval Stages.— Some of the merozoites develoj) into parent sexual cells 
or gametocytes which are set apart for sexual reproduction. In the malig- 
nant tertian type these have a characteristic crescentic form. If the 


EXPLA.NATION OF PLATE 1V.< 

Partly schematic. Drawn and rearranged by Williams, partly from Muir and Rilcliio, 
partly from Kolle and Hetsch and partly original. Gicmsa’.s .slain. 

The asexual forms show cycle of the organism in the red blood celts of the human host. 
They show schematically the time of fever and the day of segmentation. 

Tertian type. 

Fiq. 1.— Segmented organism. 

Fig. 2.— Young ring form in cell and a young form on surface. 

Fig. 3.— Growing schizont; irregular form due to great motility; beginning pigment 
formation; red blood cell becoming p.aler. 

Fig. 4. — Larger schizont. Red cells pale and stippled (SchulTncr's dots). 

Fig. 6.— Nucleus divided into four clumps. 

Fig. 6. — Further division of chroinatin and formation of irregular rosette. Pigment 
finely granular in center. 

Fig. 7.— Segmentation. Note 18 merozoites (u.sually IG). 

Quartan ti/pc. Show.s following dilTcrence.s from tertian; Slightiv larger, fewer seg- 
ments (usually 8), and more regular. Pigment coarse. Red blood cells unaltered. Seg- 
mentation every seventy -two hours. 

MaUguaiil tcitiati type. Shows following difierential points; hlerozoites smaller and 
more numerous (32); organism less motile with le.ss pigment. Red blood cells smaller 
and greenish color (in fre.sh cells). 

Sexual form.s. Show cycle of development in mo.squito. 

r (o') and female ( 9 ) forms of tertian type formed in human 

“f "'“I' 

Fio. 3. -Sexual forms of malignant tertian type found in human blood .showim' 
development of sickle-shaped bodies. uioou, .suorMiin 

* hrom Park and Williams; Pathogenic Microorganisms. 
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PLATE IV 

A. PUSMODfUM VIVAX 
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B. PLASMOOtUM MALARIAS (QUARTAN) 
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gametooies are taken into the stomach of the female anopheles mosquito 
they enter upon the sexual stage of the life cycle. The ganietocytes are 
male and female. From the male gametoc>'tes are protruded a number of 
whip»likc bodies resembling spermatozoa. These are detached and form 
the male gametes. The female gametocj'te loses some nuclear chromatin 
and becomes the female gamete. One male gamete then enters a female 
gamete and conjugation takes place, llie impregnated cell is called a . 
zygote. The zygote burrows through the epithelium of the gut and forms a 
cyst within which the nucleus divides into hundreds of rod-like bodies, the 
sporozoites. The entire process occupies about twelve days. The sporo- 
zoites make their way to the salivary glands, and when the mosquito bites 
a person they are injected into the blood stream, where the asexual cycle 
is once more repeated. 

The sexual cycle is needed for the rejuvenation and continued existence 
of the parasites. But without tlic assistance of this phase they may live 
in the internal organs (chiefly the spleen) of the patient for months or even 
years without gi^’ing rise to sj^uptoms. He may move to a temperate 
country where there are no mosquitoes, quite unconscious that he is still a 
sufferer from the disease. Then an exposure to cold or some lowering of 
the vitality may bring on a typical pjTexial attack with numerous parasites 
in the peripheral blood stream. 

Morbid Anatomy.— At autopsy the two most striking changes are a 
slate-colored or blackish pigmentation of the abdominal organs and great 
enlargement of the spleen. The discoloration is due to malarial pigment 
which resembles melanin in color. I t contains iro n.but^c5-not,.eiv(L.tlie 
Pmssia n_bl uft_roaction. The spleen is very lai^c, and in acute cases it is 
extremely soft and diffluent, but In chronic cases it becomes verj’ liard. 
Microscopically the parasites are seen in the capillaries and there are great 
deposits both of malarial pigment and hemosiderin. In the occasional 
acutely fatal case the capillaries are stuffed with parasites. This is best 
seen in the brain, where the condition may be responsible for coma. Micro- 
scopically there is widespread vascular injury, evidenced hy fatty degenera- 
■ ' ' ’ ” brain, and hemorrhagic 

• The capillaries of the 

Oram are sunieu wim ])aiusiiizfu icu (Fig. 88), a condition 

which may result in coma. A fundamental feature of the disease is a marked 
slov ing of the capillary circulation, especially in the brain. This is due to 
an altered physical quality of the parasitized red corpuscles, which, particu- 
larly in the subtertian form, become sticky and adhere to the vessel walls. 
As a result of this the red cells become agglutinated and form capillary 
thrombi. There is moreover “blocking” of the reticulo-endothelial system 
by the liberated pigment. TTie pigment deposits are most marked in the 
spleen, liver, and bone-marrow, much of the pigment being within the s^\ ol- 
Icn reticulo-endothelial cells of these organs. In the late stages the spleen 
may be greatly fibrosed. The enlarged spleen may be ruptured even 
slight trauma, a point of medico-legal importance. 

Bl.KCK\VATER Fnvrn — B lnrlcwnfpf 

malaria.charactcrizcd.by Jbe.pass.a6tu)Lred or almost black urine In severe cases 
13 / 
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death is the rule. There is a rapid and massive destnietion of red ))!nod eolls, whieli 
ma}' fall as much as 2,000,000 in number in twenty-four hours. The result is h oino - 
g lobin eroiix,- hemoglobinuria, intense jaundice, anuria, and frequently death. 
Methemoglobin is resjmnsiblc for the very dark color of tl\e urine. Tiic s])lccn is 
greatly enlarged, bright red and velvety. Tiic administration of quinine may pre- 
cipitate an attack. Blackwater fever appears to bo an allergic response to reinfection 
with the parasite of malignant tertian. Most people develop a certain degree of 
immunity, Imt a few become allergic. Injection of a susiicnsion of ground-uj) 
parasites into the skin of such ])ersons produces an allergic reacition. Quinine 
liberates the allergen from the parasites. The acute manifestations are in the nature 
of anaphylactic attacks. 



Tuypanosomks.— Tryiianosomcs 
arc s]iindlc-shapcd ])rotozoan iiar- 
asites charactei'ir.cd 1 ) 3 ' a macro- 
nucleus and a micronuclcus, an un- 
dulating membrane, and a flagellum. 
(Fig. 89.) Tiicy thei'efore i)elong 
to the groui)of the flagellates, and vary 
in length from 10 to 30 microns. The 
macronucleus is in the center of the 



Fig. 88.— Parasitized red cells in capil- 
larie.9 of the brain. X 1000. 


Fig. 89.— Trypanosoma gam- 
bienso. X 1500. 


jiarasite, while the micronuclcus is a small mass of chromatin at one end. The 
undulating membrane is a wav 3 ' .structure which runs like a tin along the length of 
the parasite. The flagellum arises from the micronuclcus, jiasses along the undulat- 
ing membiane, and is prolonged as a free structure whiclv waves about so that the 
parasites are actively motile. Sexual dovcloinncnt occurs in an invertebrate host, 
the tsetse fly, which transmits the infection from one [lerson to another. Asexual 
reproduction is by means of longitudinal division in the blood of the intermediate 
host, i. c., man and many wild animals. There are man)' varieties of tiypanosomes 
and many tsetse flies, but only two arc concerned in the iiroduetion of serious 
disease. Trypanosomiasis, the disease caused by trypanosomes, is confined to 
tro|)ical Africa. 

Akimal rnri’.^NosoMi.^sis (N.agana). — This is caused b)' Tiypanosoma briicci 
(named after Sir David Bruce who discovered it), and the intermediate host is the 
tsetse fly, Glossina morsitans. The wild animals (deer, etc.) act as a reservoir for 
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the infection, although they suffer no symptoms, but when domestic animal^ 
(horses, cattle) arc taken into the fly belt they are at once infected and the disea-sc 
i«! e'ctrcmcly fatal. 

IIu>UN TnTPANOSOMiASis (Afiuc.\n Sleeping Sickness).— The human disease 
is caused by Trypanosoma gambienso (called after the Gambia Ili\er in whidi 
district the fever is prevalent), and is carried by the tsetse fly, Glo^sma palpalis. 
The tr^Tianosomes live in the blood, causing fever, weakness, emaciation, and 
enlargement of the cervical and other l 3 ’mph nodes. It is only later that they invade 
the central neiw'ous system and cau'sc true sleeping sickness with its characteristic 
Icthargj' and coma. The trypanosomes are found in the blood during attacks of 


fever, in the Ijunph nodes at any time, 
and in tlie cerebrospinal fluid when 
sjunploms of sleeping sickness ha\*e 
developed. The brain lesions are foci 
of round*coll perivascular infiltration 
much like those of general paresis of 
the insane. 

Chagas’ Disease. — Chagas’ dis- 
ease is a form of trypanosomiasis 
occurnng in South America. Unlike 
tlie African form these try/wnowmes 
(Trypanosoma cruii) penetrate the 




Fig 90 — bci«limania. 1, Indmdual parasite, 2, ma':s of para«i(es m a macrophage; 
3, flagellate form (Blacklock and Southwell, Human Parasttologj-, 11 K Lewis & Co ) 
Fig. 91.— neticulo-endothehal cells of lymph node packed with lustoolasma capsula* 
turn. X 510 (From a section of Dr W A D Anderson ) 


tissue colls, lose their flagellum, and dei'olop into round leishmania-like bodies 
alwut 4 microns in diameter which di\ade repcaledl)’ and fill the cell After 
lliis intracellular multiplication the rounded bodies develop a flagellum and 


other Romanowsky stains. Only the lei«hmania form occurs in man, the llagelbte 
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form being found in the gut of certain insects whicli have fed on an infected jwtient, 
or in culture of his infected blood. leishmaniasis occurs in two clinical forms, 
visceral and cutaneous. 

Visceral leishmaniasis, commonly knovm as kala-azar, is caused l)j' leishmania 
donovani. It is characterized by extreme enlargement of the spleen, moderate 
enlargement of the liver, progre-ssive anemia and marked lcuco[)enia. It is one of 
the most important causes of splenomegaly in the troj^ics. The disease is lu'cvalcnt 
among children and young adults in India, CKina, and the Mediterranean countries. 
The parasites crowd the rcticulo-endothclial cells of the spleen, liver, and bone- 
marrow, but are extremely difficult to find in the blood. They arc readily demon- 
strated in smears made from a splenic inincture, being both intracellular and extra- 
cellular. (Fig. 90.) The parasites develop in the gut of the sand-fly (Phlebotomus) 
but it is not certain what part that insect ]fiays in conveying infection. Smear.s 
from the nasal caxdties and tonsils of patients show Lcishman-Donovan bodies, the 
tonsils being massively infected. This is probably an im])ortant method of trans- 
mission, perhaps the most important. 

Culancons leishmaniasis, known also as oriental sore, Delhi boil, Aleppo boil, 
etc., occurs not only in the regions where the visceral form is prevalent, but also in 
Central and South America. The parasite is morphologically and culturally iden- 
tical with L. donovani. The lesion, which is generally single, take.s the form of a 
chronic sore which heals spontaneously in the course of a year. It consists of a dense 
accumulation of histiocytes which contain large numbers of Leishmania. 

ToxorLASMOsis.— This disease is caused by a protozoan parasite. Toxoplasma, 
of crescentic shape, and measuring 7 microns in length and from 2 to 4 microns in 
width, although in sections of fixed tissues they may be considerably smaller. The 
parasite is of wide distribution in animals, occurring in the dog, mouse, rat, rabbit, 
etc. Very few human cases have been reported, mostly in infants. Infection is 
probably acquired by man from infected animals. In infants transmission appear-s 
to be from the mother, although she shows no evidence of the disease. 

In infants the chief lesion is an encephalitis. Microscopically small necrotic and 
granulomatous lesions are found, the nerve cells being crowded with the parasites. 
In adults the lungs show foci of consolidation, the cells lining the alveoli being 
swollen and filled with jDai'asites, whilst the alveolar spaces are occupied by an 
exudate of mononuclear cells. The blood contains neutralizing antibodies. The 
infection can be transmitted from the human lesions to experimental animals. 

WOEMS OE HELMINTHS 

The parasitic worms may bo divided into flat worms .and round worms- 
The flat worms are subdivided into flukes and tapeworms. Only the more 
important of the disease-producing worms will be considered. 

Flukes. The flukes are small, flat, leaf-shaped, unsegmented worms. 
Li\'cr flukes are. common parasites of sheep and cattle, living in the bile 
ducts and producing inflammation of the liver. Infestation of the li\'er in 
man is xery prexalent in China, where it is caused bj' Clonorchis sinensis 
(Chinese liver fluke) (Fig. 92). _ Fasciola hepatica (sheep liver fluke) is 
met with in sheep-raising countries. The lung fluke (Distomum pulmonis) 
is a common parasite in China and Japan where it is an important cause of 
hemoptysis; the ova are found in the blood-stained sputum. 

ScinsTo.soMiASis.— This is the most common and most important of 
the diseases caused by flukes. Three of the flukes are pathogenic to man- 
Sclusto.soma mansom and S. japonicum involving chiefly the liver and 
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intestine, and S. hcmatobium, often known as Bilharzia hematobia, in- 
volving the bladder. S. tnansom is distribnlwl widely thronphout the 
northern part of South America and also in Africa, S. japonicum in Japan 
and the East Indies, and S. hematobium in Africa, partieularly along the 
Mediterranean coast. The ova are discharped into water and taken up by 
a water snail, the intermediate host, from which escape large numbers of 
active embryos or eercarire. ’n»esc penetrate tlie skin of persons \\hile 
bathing. The cercarije of non-pathogenic flukes may penetrate the skin, 
causing an intense inflammatory reaction known as shimmer’s itch. 

The cercarifc enter the venous circulation, and reach their final habitat, 
the mesentcrie veins in the c;isc of S. mansoni and S. japonicum, the vesical 
plexus in the case of S. hematobium. During the period of migration 
through the lungs there may he asthma, transient 
infiltrations in the lungs nuliologically, and oosin- 
ophilia in the blood. The embryos develop into 
adult flukes about 1 cm. in length in the afore- 
mentioned veins, where they may live for years, 
continually producing new ova. It is these ova 
w hich arc responsible for the symptoms, dysentery 
in S. mansoni and S. japonicum infections, hema- 
turia in S. hematobium infections. Moreover it 
is from the ova that idcntificsition of the species 
is made. S. man«oni has a prominent lateral spine, 

S. japonicum a rudimentary lateral spine, and S. 
liematobium a long terminal spine. The severity 
of the disease is conditioned by the daily output 
of ova. In the case of S. j.-iponicum this is ^ to 30, 
in S. hematobium it is 20 to 30, and in S. mansoni 
it is only I to 4. 

The ova of S. mansoni and S. japonicum are 
deposited in the intestine, where they produce :m 
inflammatory reaction with polypoid overgrowths 
and dysenteric symptoms. Carcinoma of the colon 
is a late sequel. Rectal biopsy, and in particular 
examination of the second valve of Houston, is of 
greater value than the search for ova in the stools. Microscopically the 
response is at first leucocytic and eosinophilic, hut later the lesions take 
the form of pscudotuherclcs with epithelioid cells and giant cells surround- 
ing the necrotic ovum, and final fibrosis. The o\a pass readily in the portal 
circulation to the liver, where they cause the development of portal 
cirrhosis, rapid in the case of S. japonicum, slow in S. mansoni on account 
of the smaller number of ova. 

S. licmatohium (bilharzia) causes widespread disease in Egypt and other 
parts of northern .\frica. Tlie popuhition of Eg\pt is 12,0()0.600; 
of these are iiifcctetl, and 1,000,000 are bedridden owing to the disc.iM- 
The flukes li\e in the pelvic and vesical veins, and the ova are laid in tlie 
wall of the bladder and rectum, where the sharp terminal spine prodiuvs 
an intense reaction. Chronic cystitis and hematuria result. Polypoid 



Fio 92 — ClonorHiis 
sinensi's 
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masses are formed in the bladder, and these may become the starting-point 
of carcinoma. In Egypt carcinoma of the bladder is said to be 10 times 
commoner in those suffering from schistosomiasis. Pulmonary lesions are 
found in some 33 per cent of cases (Shaw and Gharccb). The ova become 
impacted in the pulmonary arterioles, causing an acute necrotizing artcrio- 
litis, as a result of which the ova escape into the lung and produce a paren- 
chymatous tubercle. In the great majority of cases only a few ova reach 
the lungs, and only a few tubercles arc formed. lYhen the infestation is 


heavy there may be an obliterativ( 
clinical picture of Ayerza’s disease i 



Fig. 93. — Strobila of Tania saginala, 
Two-thirds natural size. (After Leuckarl, 
Parasiten des Mensclien.) 


artcriohtis, which in rare cases gives a 
rith death from congestive heart failure. 
Cestodes or Tapeworms.— There 
arc four tapeworms of importance 
in human pathology. 

Three of these pass an adult stage 
in the intestine of man and a cystic- 
stage in an intermediate host. They 
are known as the beef tapeworm 
(Ttenia saginata), the pork tapeworm 
(Taenia solium), and the fish tape- 
worm (Diphyllobothriiim latum). 
The fourth (Tamia echinococcus) 
passes the cystic stage in man (the 
intermediate host) and the adult 
stage in the dog; this is the one 
which causes hydatid disease, and 
is the only really dangerous member 
of the group. 

T/FNIA SaGIN.\TA (TiENIA Meoio- 
canellata).— The beef tapeworm 
is the common tapeworm of the 
United States and Canada. It is the 
largest tapeworm and it has the 
largest intermediate host. It con- 
sists of a tiny head or scolex and 
segments or proglottides. (Fig. 93.) 
The head is 2 mm. in diameter and 
jiossesses four suckers by which 
it adheres to the intestinal mucosa. 


It has no hooks. The worm may be 30 feet long and possess some 
2000 proglottides. The proglottides are crowded with eggs, and as these 
become mature the segments break off and are discharged in the feces. 
When taken up by cattle the ova develop into embryos which migrate to 
the muscles and there develop into cysticerci. If the beef from an infected 
cow is eaten im]ierfcctly cooked or in a raw state human infection will 
result. The diagnosis is made by finding the segments in the feces. The 
worm, which is iisiudly single, causes wonderfully little disturbance in 
spite of its great length. 

T/EXia Solium.— The pork tapeworm is much rarer than Tajiiia sagi- 
nata. It is usually under 10 feet in length and resembles Tamia saginata. 
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The head, however, is armed with a double row of hooks. Generally only 
one worm is found {solium means single), but in a few instances there may 
he two or three. The pig is the intermediate host, its muscles contain 
large numbers of cysticcrcus ccllulosaj, and man Is infected by eating im- 
perfectlj* cooked “measly” pork. The eggs may be swallowed owing to 
self-infection and occasionally the embrj'os invade the body and develop 
into the larval cystic form, man thus acting as the intermediate host. 
This does not occur with Ttenia saginata. The cysticcrcus ccllulosx thus 
formed may be present in large numbers in the brain, meninges, eye, 
muscles, and other organs. The larval worm is inverted and the epithelium of 
the highly tortuous canal of the body becomes continuous with the epidermis 
covering the outside of the cyst. (Fjg. 94.) MacArthur has shown that 



Fia. 94.— Cysticcrcus celluloss showinp continuity of epithelium on surface ami thfvt 
lining body canal X 22 

many soldiers who develop idiopathic epilepsy some years after serving 
in the tropics are really sufferers from cerebral cysticcrcosis. In the Mill- 
bank Military Hospital in London there were 20 cases in one year. Tlie 
parasites may be present for years before symptoms develop, for they arc 
tolerated while alive, but act as foreign irritants when they die. They 
become calcified, and can be seen in radiographs of the muscles. As a 
rule there is no history of intestinal infection in these cases of cerebral 
cysticcrcosis cellulos®. 

Dipiiyllocotiirium Lvtoi (BoTiimocEPiLVLUs Lati's) —The fish tape- 
worm has from 3000 to 4000 segments filled with e^s. The-cggs are dis- 
charged from the ripe proglottides, but only empty and shri\ elled segments 
are died,-in'this"respect differing from the other two tapeworms. It 
follows that in stool examinations the presence of ripe segments indicates 
Tttnia saginata or Tienia solium, the presence of cjnrs indicates HiphvJ^ft^^ 
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bothriiira, latum. The average output of eggs in the stool per day is 
1,000,000. The tiny head is flattened and docs not possess suckers or 
hooks but is provided \Yith two iougitudiual suctorial grooves. When the 
ova are discharged they develop into frec-swiinming larvae and these are 
taken up by small water crustaceae which are in turn devoured by some of 
the larger fish (pike, perch, etc.), where they invade flic muscles and pass 
into the cysticercus stage. 

The geographical distribution is important. It used to be found princi- 
pally among the fish-eating peoples in the Scandinavian countries, Russia, 
and in parts of Asia, but lately it has been imported into the United States 
and Canada, and is now indigenous in the districts around the Great Lakes 

and Lake Winnipeg. The fish in 
these lakes are probably infected 
from dogs, who also harbor the par- 
asite. If the fish arc properly cooked 
there is no danger. 

A large number of the worms may 
be found in one person. In 099 out 
of 1000 infected persons it is a harm- 
less parasite, provided that the pa- 
tient is unaware of its presence, 
although a mild hemolytic anemia 
is common. In very exceptional 
cases the patient may develop a 
severe anemia identical in type with 
pernicious anemia, but this is seldom 
seen even in fish-eating communities 
where the infection is extremely 
prevalent; only in Finland is the anemia at all common. 

T.ENIA. Echinococcus.— This tapeworm is entirely different from the 
others. It is extremely small, measuring only 5 mm. in length, and pos- 
sesses only 3 proglottides. The cystic stage is passed in man and many 
other animals and the adult stage in the intestine of the dog, where there 
may Im hundreds of worms. ISIan therefore serves as the intermediate 
host. Human infection is usually due to eating unboiled vegetables soiled 
by the excreta of dogs. The dogs are infected by eating the flesh of infected 
sheep. Hydatid disease, as the human infection is termed, is most preva- 
lent in Australia, South America, and other great sheep-raising countries, 
whore dogs and men come into very close contact. Syria has perhaps the 
largest incidence. Iceland used to be a hot-bed of the disease, but during 
recent years it has been nearly eradicated by hygienic measures. 

When the eggs are swallowed by man they develop into embryos which 
penetrate the wall of the bowel and are carried in the portal vein to the 
liver and through the liver to any other part of the body. The embr^^•os 
form larval cysts (hydatid cysts) which are naturally most common in the 
liver and mesentery. The cyst consists of two layers. The outer laver or 
eetoeyst is white and presents a characteristic laminated structure like the 
coats of an onion. The inner or germinal layer is granular and it is in this 
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material that fluid collects so that a cyst is formed. At various points along 
the germinal layer buds arise TvhicJi becomejiollowcd to form brood cap- 
sules m whicli little clusters of newscolicesonstalks are produced. (Fig. 90.) 
Somc'of'tlic buds develop into daughter c^’sts which become detached and 
float in the cavity of the mother cyst. From the lining of the daughter 




FiO. OG.—Stftlked Fcoltces of hydatid cyst showing booklets. X 200. 

cyst new* buds may arise which in 
turn produce new scoliccs. Each 
scolcx is provided with 4 suckers 
and a crown of 30 to 50 booklets. 

The scolex becomes invaginated into 
its Own body in order to preserve 
the booklets from injury, so tlwt 
the suckers and booklets face in- 
ward. (Fig. 9S.) Wien the infected 
material (in the sheep or other in- 
tennedwte host) is eaten by a dog 
tbe head is evaginated, and the 
scolices become attached to the in- 
testinal wall by their liooklets and 
suckers, proceed to form prog- 
lottides, and develop into the ma- 
ture worm. 

The cysts may attain a gre.at size 
and cause marked enlargement of 
the liver, form masses in the mes- 
entery, etc. The fluid is clear and 
sterile, but contains a toxic substance 



Fia. 07.— Echinococus C}'st 
of h\*cr shoTvinp characteristic 
lining 
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which may cause attacks of urticaria or produce toxic effects if the 
cysts are 'ruptured during removal. The blood may give a com- 
plement-fixation reaction against this substance. Intraderinal injcctioii 
of the fluid is said to give a specific reaction in cases ot hydatid 
disease Identification of the cysts is made by finding the charactenstic 
booklets, orby cutting sections of the wall and demonstrating the laminated 
structure of the ectocyst. (Fig. 99.) 



Fig. 98. — Scolex of hydatid cyst. A, Invaginated in cyst membrane; B, with evaginated 
hooklets anil suckers. X 400. (Faust.) 


Echinococcus Alveolaris.— There are two forms of echinococcus; E. hyda- 
tidosus, whicli has just iieen described, and E. alveolaris or multilocularis, a much 
rarer form. The Ip'datid echinococcus forms large cysts filled with fluid, but the 
alveolar echinococcus cysts are entirefi'’ diffei'ent, being extremely numerous, 
varying in size from the microscopic to that of a gi’ain of seed or a pea, and containing 
gelatinous material Imt as a rule no scolices. They cause great enlargement of the 
liver, wliich at autopsy maj' be mistaken for mucoid carcinoma or congenital c3'stic 
liver. Necrosis maj'^ develop, with the formation of l.arge ragged abscess carities. 
The microscojiic aiipearance may closely simulate tuberculosis with necrosis, epi- 
thelioid cells and giant cells. The disease is fairlj' common in Bavaria, Switzerland, 
and Russia, but is practicall}' unknown in the great hj’^datid countries such as 
Australia, South America, and Iceland. 

Nematodes or Round Worms.— A large varietj'^ of round worms may 
be parasitic for man both in tropical and temperate countries. Some of 
these are pathogenic, others are not. Only six will be considered here. 

^ Ankylostom-A Duodekale (Uncin.ari.a Duoden.alis).— Ankylostomia- 
sis or hookworm disease, like malaria, is one of the most prevalent diseases 
in the world. The Rockefeller Commission estimated that there were 
some 9(10,000,000 cases. Ihe hookworm belt extends hound the world on 
either side of the equator. T lie American varieti’ of the worm is slightly 
dilleient and is ealleil Xecator ainericanus. It is also found in temperate 
climates where the conditions arc such tliat the soil is moist and warm as 
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in deep mines, in long tunnels, 
etc., so that hookworm disease 
is known locally as miners’ an- 
emia, tunnel disease, etc., and the 
skin manifestations are know n as 
ground itch. The reason for all 
this w ill be apparent shortly. 

The worm, as its name im- 
plies, lives in the upper part of 
the small intestine, although more 
in the jejunum than the duo- 
denum. Large numbers, even 
hundreds, are found hanging firm- 
ly attached to the intestinal 
mucous membrane. It is said that 
as many as 10,000 have been 
found in one person. The worm 
is quite small, from 1 to 2 cm. 
in length, and is furnished with 
four teeth {anbjloa, hooked), and 
a muscular esophnps by means 
of which the intestinal mucosa is 
drawn into the mouth. (Fig. 100.) 
Tlie patient develops a profound 
anemia as the result of this heavy 
infection. This is due to the 
peculiar feeding habits of the 
imok^vorm, which draw’s blood 



Pio. 99.— Irfiminated membrane of hy- 
datid cyst X 300 



Fio. 100 — Section throuch human intestine, showinc method of attachment of liook- 
worm to the wail. (After Oudend^l, in Tran^sactiona of Fiftli Biennial ConCTe«s of Far 
Eastern .Association, Courtesy of John Bale Sons & Danielsson, I.td , Ixincion ) 
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from the mucosa of tl)e bowel, pumps it through the alimentary tract, 
and forces it out from the anal orifice, a process which can be watched 
in the experimental animal. By means of such a mechanism 1 0,000 worms 
can soon remove a lot of blood. There is marked eosinophiiia, a common 
manifestation of worm infections. The patient liccnmcs weak, apathetic, 
and unable to work. There is marked evidence of anemia, including edema 
of the face. 

The mode of infedion provides one of those romances which makes the 
study of parasitology so interesting. Tiic worms nuiy live for six or seven 
years in the bowel, but they cannot multiply there. The eggs, of which 
10,000,000 may be laid at one time, are passed in the feces, and if deposited 



Fig. 101,— Hookworm 
larva (coiled) penetrating 
the skin. (Stumberg, Am.'' 
J. Hygiene.) 



Fiq. 102. — Hooliworm derma- 
titis. (Dove, Am. J. Hygiene.) 


in warm moist soil they develop into active embryos. These may be swal- 
lowed by another person, but the usual route is quite dilTerent and much 
more remarkable. In 1901 Looss, working in Egypt, showed that the hook- 
voim sets forth on a veritable Odyssey in its elVort to reach the small 
intestine. If wet mud containing the larva; is rubbed on the skin a burning 
and itching is soon expei'ienced, and by the time the mud is dry the active 
larvie have disappeared through the skin leaving their own skins behind 
them. Looss followed their course in a leg about to be amputated. The 
larvre are found to penetrate the hair follicle (Fig. 101), and from there 
they bore their way into the lymphatics by which they arc carried to the 
r'enous blood stream or they may penetrate the veins directly. They 
are carried by the venous blood to the right heart and thence via tlie 
pulmonary artery to the lungs. ^Yhen large numbers of larvie enter the 
lungs It IS common to find bronchitis and transient bronchopneumonia 
In expernneuts on dogs it was found that the larvte are filtered out of the 
eircnlation in the lungs, being unable to pass through the pulmonarv capil- 
aries. Ihey burrow mto the air vesicles, enter the bronchi, and crawl up 
tlie trachea. Having reached the glottis they climb o\-er the epiglottis and 
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down the esophagus. Tlie further passage through the stomach and into 
the duodenum is plain sailing. In the small intestine they develop into 
adult worms. How long the lar\’a* take to complete their Odyssey it is 
difficult to say, but as long as ten weeks has elapsed beUxeen the skin in- 
fection and the appearance of the eggs in the feces. 

Ashford lias added an important chapter to the story of the hookworm 
cycle by describing what he csdls the larval stage of uncinariasis. lie 
points out that the majority of the Iar\'a; winch penetrate the skin never 
reach the intestine, hut die soon after invasion, as shown by the fact that 
the highest Icucocytosis and eosinophilia occur at the beginning of the 
infection. Many other larva* stray from the direct path and get hopelessly 
lost, remaining wanderers in the ti^ue until they perish. At the end of 
three months there is a second rise in the leneocj'te count, due to the end of 
the natural term of life of the lar\-{e. During the larval stage there may be 
no adultworms in the bowel, but the patient suffers from marked lassitude, 
^^hile his blood sliows an eosinophilia. The latter, which may reach (»0 j)cr 
cent, appears to be due to disintegration of the lar\Te and absorption of 
tlie foreign protein. Ashford’s paper will he found c.vtraordinarily interest- 
ing rc-ading. 

It is evident that coolies in coffee plantations, natives working in the 
mud on the banks of the Xilc, miners in deep mines, tunnel-workers, etc., 
are peculiarly liable to the disease once the ground is heavily infected. 
The “ground itch,’’ an eczematous skin eruption which affects those wlio 
walk in infected water with hare feet (Fig. 102) is merely an indication that 
the larvte are invading the skin, ^^^lcn nati\ c workmen in hookworm areas 
are compelled to wear slices the incidence of the disease shows a marked 
falling off. Proper disposal of e.\crcta is another factor of prime importance 
in prevention of the disease. The diagnosis is made from the anemia, the 
eosinophilia and the presence of ova In the stools. 

A'^C-vnis Loiciucoides.— This is the common round worm which re* 
scmbles the earthworm, being from C to IG inches long, with tapering 
pointed ends and a pearly-white appearance. It is a common inhabitant of 
the small intestine, especially in children in whom it may produce reflex 
nervous disturbances; possibly a to.xic element may also play a part. The 
worms, of which there arc usually several, appear in the mouth. They He 
free in the lumen of the bowel, and are not attached to the wall. Occasion- 
allv they are present in enormous numbers and may form masses which 
cause intestinal obstruction. 

Although the ascaris is so different from the hookworm, yet parts of their 
life history are not dissimilar. Indeed, the behavior of the ascaris is even 
more strange. The ova develop into embryos in moist soil The freshl\ 
passed eggs are not infective, and ten daj's or more must elapse before the\ 
are capable of causing infection. Tlie capacity of the uterus has lurn 
estimated at about 27,000,000 eggs, and the average daily output for e.,..h 
female at 200,000. Infection is due to the ingestion of developing eggs on 
uncooked vegetables, etc. ^^^!cn the eggs are ingested they hat« li into 
larvrc in the intestine. But here we come to the strange part. The larvie 
are apparently unable to undergo complete de^elopment in the intestine 
until they have undertaken an extra-intestinal migration. They pcnctmte 
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the -n-all of the intestine and arc carried to the right side of the licart citlier 
by the lymph and blood stream or by the mesenteric veins and inferior 
vena cava. They arc filtered out by the lungs, and pass up the trachea, 
and down the esophagus into the intestine just as in the case of the hook- 
worm. This strange migration occupies about ten days. In the intestine 
they develop into maturity if they have been derived from a human source, 
but not from the pig. In the latter case they arc passed out of the body. 

In the pig, on which animal most of the experimental observations have 
been made, large numbers of larval can be seen in sections of the lungs, as 
well as foci of hemorrhage and inflammation. In man the experimental 
ingestion of mature eggs has been followed in a few days liy, the develop- 
ment of the clinical picture of pneumonia. Koins swallowed approximately 
2000 eggs; six days later he developed fever, chills, headache, malaise, 
rapid respirations, and a productive cough with the blood and larval (178 
in one day) in the sputum. There was dulness over the chest and crackling 
nlles. In clinical practice only a few eggs are likely to be taken at any one 
time, so that as a rule there are no pliysical signs. Ashford sugge.sts that, 
as in ankylostomiasis, the larvae may become lost and wander through the 
tissues, and that the presence of larvai in the meninges may be responsible 
for the convulsions and nervous disorders in young children, 

OxYURis Vbrmicularis (Enterobius Vermicularis).— Tlie tliread worm or 
pin worm is a very common intestinal parasite, especially in children. It is only 
about 5 mm. long, and when passed in the stools resembles a motile piece of white 
thread. It lives in the lower part of the small intestine and the l.argo intestine. The 
worms may pass out per anum and cause intense irritation and itching around the 
anus and in the vagina. A simple diagnostic method is to make a smear from the 
perianal region and examine it for ova, which adhere to the hairs in large numbers. 
In the bowel they usually cause no symi)toms, liut in weakly children they excite 
reflex nervous disturbances such as convulsions and enuresis. Masses of thread 
worms may occupy the lumen of the appendix. They may invade the mucosa and 
cau.se acute aj^pendicitis. There is no intermediate host, and infection is direct from 
contaminated vegetal3les, fruit, etc. Massive reinfection may occur from the child’s 
. contanrinated fingers. 

Trichina Spiralis (Trichinella Spiralis).— The disease tricliiniasis is caused 
bj' a tiny round worm, the life history of which presents some very interesting 
features. It passes its complete life cycle in the body of one animal, but unless the 
host be eaten by another animal the embryos will all die. Surely a curious arrange- 
ment to have been evolved by a worm, but apparentl}' a satisfactory one. 

The parasite infects a variety of animals, in jiarticular the rat, the pig, and man. 
hlun becomes infected by eating the pig, and the pig is infected by eating the rat. 
Thus the life cycle is continued, but it comes to an end with man. Ejiidemics occur, 
particularly in Germany, from eating imiierfcctly cooked pork in sausages, etc. 
The embryos ingested in the infected pork develop into adult male and female 
worms in the intestine. These are very tiny, from 1 to 3 mm. long. After copula- 
tion the males die and the females burrow into the intestinal villi. The ova develop 
into embryos within the uterus of the worm, and the embryos ;ire then discharo-ed 
into the lymphatics. One female may discharge from 1000 to 1500 embrvos in this 
way. The embryos enter the blood stream, and :is their diameter is snialler than 
that of a red blood cell (G microns bro;id though 100 micron.s long), they pass through 
the lungs and arc carried to all iwrts of the body. During the stage of invasion they 
, can be found in the blood if it Is laked and in the cerebrospinal fluid. They are 
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actively motile, and penetrate the capilkinc^ to invade the various organ«i. But 
they can only develop in the volunLaiy muscles and die out elsewhere, e\cn in the 
heart Everj’ muscle in the body may be infeetecl and 5 'et the heart always escapes. 
Even it is probably infccte<l at the beginning as indicated by the frequent presence 
of inflammatory foci, but the young embrj-os are apparently killed and disappear 
at an early stage. 

Each embrj-o now enters a muscle fiber and undergoes partial deaolopmont 
touard an adult worm, but full dc%-elopmcnt is not jro^^ible unless the parasite 
finds itself in the digestive canal of another aninwH The muscle fiber degenerates 
and lo=es its transverse striations. The embryos are found in the muscles as early 
as the ninth day after infection. TIjcv set . 
up an acute mj'ositis with infiltration of 
polymorphonuclcars, eosinojihils, l 3 ’mpho- 
cj’tes, and giant cells. At first tlie long 
axis of the enihrj’o is parallel to tiiat of the 
muscle fiber, but b\’ the end of the second 
week it becomes coiled up, enej'sted, and 
surrounds itself with a thick hjailmc ca|>- 
sule. (Fig. 103 ) Later this max' l)ocome 
calcified. The cnej stc<l embrj’os are lemon* 
shajicd, with the long axis in the direction 
of the muscle fibers. The cmbrj'os may re- 
main alive for jears awaiting the chance 
to comjilcto their development in another 
nnimal. The life cycle is exactly the siune 
in the pig. When the cncyste<l embrj'os are 
swallowed by man the capsule is dis«oh-cd 
by the digestux! juices, the embryos arc 
liberntod, and may attain maturity m a 
couple of daj-s, wlicn the whole process is 
rcficated. 

■ It has been found that a do«e of 15,000 
r filtered i-r.ay to meat infectc<l with tri* 
china larvrc will render it non-infectivc to 
the rat. This suggests a metho*! of ster- 
ilizing commercial quantities of |K>rk 

Si/inptowis.— The sj'mjitoms of trichin* 
iasis occur during the period of invasion 
and are partlj’ due to the irritation in the intestine, partly to the acute mj’ositis. 
The muscles are hard and swollen and often cxtremelv painful. Edema is usuallv 
present and is often marked m tlie face. Fever is a common symptom and ma\ 
last for day.s or weeks. Tlic severe cases arc easih' mistaken for tiphoid fovci 
cspccialli’ when there is diarrhea, but the leucorj-tes are mcre.ased in number amj 
there is a markcil anil vorj’ characteristic cOMnoplnlia, sometimes over 50 per ci -it 
Tlic eosinojihilia usually disappears, but may persist for j-ears Convalescenc*’ L' 
in al)Out the sixth week, hut death ni.ay occur oarlior from paralj'^isof tiie respir.itury 
muscles. casc-s die in the earlj* stage of the infection, apparentlv Utmi the 

intense irritation in the wall of the intestine. The mtradermal injection <>f a s.aluie 
extract of trichina larvie gives a positive reaction in about 90 per cent of < t-cs afte' 
several weeks of infection. A positive reaction may still be obtained ■'Cveral .rear? 
after tlie acute attack. 

TniCHinus tiuchuiux. — This worm, known as the whipworm, is one of the com- 
monest intestinal parasites, fixing in the cecum and appendix, and sonv-* ^ 
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associated with acute appendicitis. The worm is only a few centimeters long. 
The posterior end of the male is coiled on itself, but most charaoteri.stic are the 
barrel-shaped eggs with a knob at each end (Fig. 104) . The whipworms arc attached 
only lightly to the intestinal mucosa and as a rule cause little or no disturbance to 

the unwitting host. _ , . , 

Filaria.— Filariasis is an infection by a nematode worm m which the adult 
worm lives in the lymphatics while the larvfc travel in the blood. It i.s a disease of 
tropical countries. There arc several varieties of (ilaria, the most importiint beiiig 
Filaria b.ancrofti, the larval or microfilarial form of which is known as Filaria 
sanguinis hominis. This iiarasitc is of great historical interest, because it was in 
connection with it that Manson showed for the first time the iiart which the mosipiitO 
pl.ays in the transmission of disease. It was ]Manson’.s woi'k which .suggested to 
Ross that malaria might also bo conveyed by a mosquito, oven though the infecting 
agents were so very different— the one a nematode worm, the other a protozoan 
parasite. 

The life history and habits of the filaria 
arc remarkable ei'on for an animal para- 
site. The adult worm lives in the lyinjihat- 
ics, cspeciall\’ those of the groin and jiclvis. 
It is from 0.5 to 1 cm. in length and ex- 
tremely thin. The male and female live to- 
gether, and the ova dcveloji in the uterus of 
the female into active larv.x'. These are 
little eel-like bodies with a diameter no 
greater than that of a red lilooil eorpirscle, 
so that they can pass through the smallest 
capillaries. Their most extraordinarj’ 
characteristic is their ])criodicity, for they 
Fig. 104.— Egg of trichuris triclmria. Qjjly appear in the peripheral circulation 
(Kindness of Dr. J. C. Colbeck.) ].,jjrht, hiding in the vc.sscls of the lung 

and the large thoracic vessels during the 
day. Their appearance synchronizes with the evening appearance of the mosquitoes, 
for they can only attain maturity in the body of that insect. One wonders how 
.such an arrangement was first started. If the patient sleeps during the daj' and is 
kept awake during the night the larva; are deceived and come out by rlay, so that 
the rao.squitoes are disaiqjointed. The larva; do the ];aticiitno harm. This nocturnal 
periodicity may go on for years, the larva; patiently awaiting the coming of the 
mosquito. 

Lane points out that the usual explanation of filarial periodicity is not to be 
lightlj' aecei)ted, for the hiding place of the larva; b}' daj' has never been demon- 
.strated, and it seem.s unlikely that they can maintain thcni.«clves in jiosition in the 
large vessels of the thorax against the .strong current of blood. He suggests that 
there may be a daily cyclical ])arturition by the females, and that the microfilaria; 
l)eri,sli rapidly. This view is siqiijortcd by the observations of O’Connor who made 
serial sections of lymidiatic tis.sue containing worm.s exciseil at operation. One 
extraordinary fact was lirought to light. When the worms were removed before 
mid-day the turgid female was found to be crammed with microfilaria;, but after 
2 r.M. the females were collajised and cm))ty. All the living female worms from the 
same patient showed the same stage of development of the sex cycle. In a volunteer 
720,000 microfilaria' were injected into the blood stream; all were gone in the space 
of two hours. De.stniction apparently takes place chiefly in the lymph nodes. 

The mosqmto, usually a member of the genus culex, bites an infected jierson, and 
the larvie jiass with the blooil into its stomach. They penetrate the stomach' wall 
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and lodge in the thoracic muscles. Here thej’ dewlop into young worms which 
make their way to the base of the proboscis and await injection into man, where 
sexual development may be attained and reproduction take place. The parasite is 
not actually injected by the mosquito but is deposited close to the hole in the skin 
made by the proboscis, and through this hole it penetrates the skin. It is s^d that 
the worms often pass out in pairs— probably male and female. Tlicy pass to the 
lymphatics, become mature, lar^ are liberated into the blood, and the cycle is 
complete. 

Pathological Effects.— HhcTe may none, though the patient may have l.irv.'P 
in his blood for years. The adult wwms are apt to produce lymphatic oh’ilruction, 
especially if they are present in masses, and above all if they die and disintegrate. 
The obstruction causes varicosity of the superficLil \e««cls and lymphatic odcina. 
The regional lymph nodes are enlaj^ed, their sinuses being distended with lymph. 



Fio. 105 —Extreme degr« of elepliantiasis of scrotum in .\frican negroes 


Elephantiasis m.ay develop. This is a condition in which the tissues liccome enor- 
mously thickened and indurated. Tlie legs and scrotum are the parts commonly 
afTectod. (Fig. 105 ) It is probable that lymphatic obstruction alone will not give 


represent an inflaram-atoiy reaction around a coil«l-up worm I have seen such 
a nodule removerl from the arm under the impression that it was a thrombosed 
vein. (Fig. 106.) 

Dr-kcunculus Medint.ksis (A7anfl Medmcrisis, Guinea-irorml.— Thu para«itc 
of tropical countries, commonly known as the guinea-worm, is surpassed by none 
of its relatives in peculiarity of behavior. As usual the male is msignificant, but 
the female is long and very thin; the arerage length is 50 to 80 cm ,lnit it m.ay reach 
I J meters. The intesfin.*!) c.anaJ is atrophic and the .anus absent, but the uterus, 
crowded with larvm, runs almost the entire length of the worm The latwas have to 
be discharged into water, and the female finds the nece«sar}’ water with a cerf 

14 ! 
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whirh a watcr-cliviner iniglil envy. The worm worlvs ils way lhvo\iKli ilm iiBsues 
until it reaches a surface. As tlie natives go hare-footed, tiie worm usually inakes 
its appearance on the sole of the foot, hut it appear.s in the upiicr extremities of 
Europeans, where water is more often in contact with the hands and arms, and oi\ 
the backs of water-earricr.s whoso w.ater-.skin i.s slung over th.'it part, ddie passage 
clown the leg may take as much as eighteen months. The head of the woian pierces 
the surface with the formation of a small blister, and when water is jmured on the 
skin enormous numbers of l.arv.'c are discharged from the greatly distended uterus so 
that the fluid becomes milky. The larvae arc taken uii by a fresh-water crustacean 
belonging to the genus Cyclops, in which they pass through a necessary stage of 
development before being ingested by man. It is for this rciison th.at. the worm has 
to make for water, however long the journey may be. 



Fig 100.— Fitiu'ia in ii small vessel. X -10. 



Fio. 107.— Dracunculus worm par- 
tially removed from a ruiitured e.schar 
of the fourth toe. (.\fter Castellan! 
and Chalmers, Tropical Medicine.) 


If the worm dies or if the larvre arc liberated into the tissues as the result of 
injudicious attempts at removal, there may be severe inflaminiition and absee.s.s 
formation. The iiiitives have an ingenious method of per.suading the worm to 
leave its liiihitat. They pour water on the foot, and in the resulting eft'ort of parturi- 
tion the worm is indueed to emerge on tlie surfaee. The protruding part is wound 
round a small stick and the treatment is repeated at intervals, the stiek being given 
;m iidditional twist on eiieh oecasiou. By this sin\plo means as tiio result of patienee 
;md iiei'severance tlie worm can finally he completely removed. (Fig. 107.) It lia.s 
been suggestecl that these worms were the “fiery serixmts” wliieh afilieted the Chil- 
dien of Israel in the migration from Egypt, and that jMose.s was the first in liistory 
to demonstrate the classical method or removal by winding the “serpont " on a nxi 
gradually drawing it out. He made a model in brass of the procedure. 


EXTEliXAL rARASiTES—AHTIinorODS 


EXTERNAL PARASITES: ARTHROPODS 

Some of the more common of the^ will be merely mentioned. For dohitleil 
dc‘?cription the reader is referred to works on skin dixoitses and parasitolo"}'. A few 
of the external parasites are of importance not only bccau'.e of the irritation they 
produce but because of the much more serious diseases wliich tliey may l)c the 
means of carrj'inK The commonest skin parasites are “ itcli in«ect ” causini; scabies, 
lice and flerus. 

Acauos Scaciei.— The “itch insect” which causes scabies is shaped like a turtle 
and isal)out 0.5 mm. Ions (Fi?. lOS). The impri^itod female Iwres a tunnel into 
tlie skin, Layins her ess^ at the end of the tunnel wliere tlie youns are hatched. 
These in turn bore new tunnels. The male remains quietly on the surface and causes 
no trouble. The sjTnptoms of scabies depend on the irritation produced by the 
burrowing female. The burrows take the form of curve<l dark lines, and are most 
common between the fingers, at the 

w rists, in tlie axilla;, etc. Vesicles may i . . . q 

form at the entrance to the burrows and . ^ i 

these are often infected by the scratching 

induced by the intense itching ' rt'l i 



Fia. lOS — Acarus fcahici. X 75. 


Fig 109 — l’e<liculuscapili« X 30 


Pediculi.— A variety of pediculi or lice m.ay infest the Iwdv Pcdiculus capith, 
the head louse, lies on the scalp (Fig 109) Theora or ‘•nits” arc minute white 
Imdios which can be seen attached to the Iiairs. They hatch out in aliout a week 
P. corporis, the body louse, lives on the surface of the skin arid breeds m the clothing. 

By its bite's it causes great irritation of the skin, and the itching causes ecratching 
with pulwequent infection. The body louse is responsible lor carrjnng the infection 
of typhus fever, relapsing fever, and trench fc\-er It does, this m the same way n.s 
the mosquito, i. e., by biting first a sick man and then a healthy person. P. pubis 
is found especially in the pubic region. 

Fleas.— P idcJ irrilans is the common flea, a wingless insect 2 to 4 mm long 
P. chcopis, the rat flea, is of importance because it con\-e}-s plague not only from 
one rat to another but al«o from rat to man. 

Flies.— The Ixidy tissues or caxilies may be infected with the latwje (maggots) 
of certain flics, a condition known as myiasis The eggs may be Laid m the nas;>l 
caxities wound®, etc., whore they dcx-elop into maggots. One type of lari-a tiinneb / 

/ 
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about in the skin, causing the condition called "creeping eruption.” Tins condition 
maj', l)ou-ci’cr, be produced in other way.s. In the southern United States probal)!}' 
tile commonest cause is tlic larva of Ancylostoma braf;ilicnsc. 
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GROWTH AND ITS DISORDERS 


Growth is the most fundamental of all pliysiological functions. It is 
brought about by multiplication of cells, not by increase in their size. 
There is little difference in size between the cells of a mouse and the c'clls 
of an elephant; the difference is one of number. In the s.ime way the cells 
of a cancer may be actually smaller than those of the tissue from mIucIi 
it arises. Tlie cells of any given species of animal have a strictly limited 
power of multiplication. When this limit is reached the growth of the animal 
ceases. This it is which determines the size of animals, so that all members 
of one species are of approxim.itcly the same size, no matter how the ex- 
ternal conditions may vary. To this rule the fish offer an exception, for 
the members of a species, such as trout, may greatly increa'K; in size ivhen 
placed in a more suitable environment. Grotvth is brought about hy tlie 
change of non-living into living matcri.al. All dead matter is potentially 
living, and we sec the transformation of dead into living matter going on 
ceaselessly. 'The molecules of the dead ^orld are waiting to he tlelivcrcil 
from the bonds of death,” as Lorrain Smith remarks in a delightful mono- 
graph uhich sluiuld be consulted by anyone interested in the subject of 
growth. He points out that theoretically the uliole inorganic substance of 
the m.aterial ^^orld might be converted Into Ihing substance by the sub- 
stance already living. 

Cells not only grow (multiply); they also dilTcrcntjate. Now differ- 
entiation and growth are mutually antagonistic, and this is a profound 
biological principle. Differentiation depends on einiroument. Unless 
cells are compelled by their environment to differentiate they ^\ill fcc<l, 
grow and multiply forever without doing aii\ work, thus re&emhling Imman 
beings. Division and function arc not possible at the same time. The 
more highly differentiated a cell becomes, the more does it lose its power 
of reproduction, and therefore its ability to give rise to tumor formation; 
this is seen in the ciise of striated muscle, nerve cells, red blood cells, etc. 
(i^ncer cells fail to difTcrenti.ate; instead they continue to grow . .\s Ixirrain 
Smith says, they do not fall into the normal procession. Tiiey fall out. 
They do not keep step; tlie procession is moving slowly imd they move fast. 

METAPLASU 

Metaplasia is the transformation of one tj’pe of tissue into another tj-pc. 
This process has definite limits. An epihlastic tissue can only produce an- 
other epiblastic tissue, mesoblast can only produce inesoblast. Metaplasia 
is best seen in tlie closely-related connective tissues, as when engage I' 

( 213 ) 
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coiiA^erted into bone. Anaphsin, or reversionary atro])iiy, nmst )iot l)e 
confused with true metaplasia . Anaplasia is merely the reversion of a more 
highly to a less highly differentiated form. 

Epithelial Metaplasia.— True metaplasia occurs in resi)onsc to a call for 
altered function or at least as the result of altered environment. If the 
prolapsed uterus becomes everted the columnar epithelium is changed into 
a squamous stratified form better fitted to Avithstand friction. As the result 
of continued irritation, c. r/., from gall stones, the columnar epithelium of 
the gall-bladder may also become squamous, and from this altered ejn- 
thelium a squamous-cell carcinoma may arise. The bronchial cinthcliinn 
in a bronchiectatic cavity may undergo the same change and come to re- 
semble the epidermis. (Fig. 110.) The more highly specialized glandular 



Fig. 110.— Remiirkable metayilasia of epiUicfium lining a broncliiectatic c.avity. The 
^ingle layer of columnar cnil.s is convcrieil into typical strntiliecl .squamous epithelium. 

X ino 


epithclia (liver, kidney, etc.) appear to be incapable of true metaplasiii. 

Connective-tissue Metaplasia. — Examples of this are of common occur- 
rence. Fibrous tissue, myxomatous tissue, curtilage, and bone are all 
closely related, and one may become changed into the other. The com- 
monest change is that of cartilage into bone. In old age ossification of the 
laryngcid and tracheal cartilages is common enough. This is certainly not 
due to cdteied 1 unction, but may be connected with altered environment. 
Bone inay be formed in the walls of degenerated arteries the scat of arterio- 
sclerosis, or in an eye which is destroyed and functionless. It may be 
encountered in the edges of a wound in the abdominal wall. Apparently 
the coiniectivc-tissnc cells become converted into bone-forming cells. In 
myositis ossificans bone is formed in the voluntary muscles and may replace 
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them to a Inrpo extent; tliis l>one h probably formed from the conneetivc 
tissue between the muscle TiIkts. Many examples of metaplasia are seen 
in connective-tissue tumors; thus tl»e cells of an osteopenic s;irc-oma of 
hone may form fibrous tissue, mucoid tissue, cartilage or hone. 

Endothelial Metaplasia.— \Micn serosal cndothclimn such as th.it lining 
the pleura or peritoneum is irritate<l either experimentally or l)y disease 
it may undergo marked metaplastic cliangcs. In place of being flattcnc<l 
it may bcc-ome cubical, columnar, or even stnitified. Tlie cubical and 
columnar cells may surround spaces so as to give a glandular appearance. 


Atrophy is a diminution is size, a shrinking of c-ells or fibers which have 
reached their full development. Ilx'poplasia indicates a failure of full 
development. Atrophy may occur under a great variety of dllTerent con- 
ditions. Some of the most important of these are old age, lack of nourish- 
ment, disuse, the action of toxins, pressure and interference with nerve 
supply. As ttgc advances there is a general tendency towards atrophy, 
best swn in the uterus, ovary, breast, lymphoid tissue, and hone-marrow. 
Chronic sUmation causes wasting of adij)osc tissue and nnisclcs; ntrn])hy 
also follows decreased blood supply due to arteriosclerosis, D'mise of a 
structure results in atropliy, as is seen in the anterior horn of tlie spinal 
etird after amputation of a limb. Pressure ntrojdiy is seen in tlie erosion of 
bone by an aneurism or tlic atrophy of Ii\cp cells in amyloid disease 
^’nlrntroJ)hic atrophy is due to loss of tropliic impulses when a motor nerve 
is injurctl, but it is difficult to be sure how much of this is due to disuse. 


HYPERTROPHY AND HYPERPLASIA 


J 


Hypertrophy.— Hypertrophy is an incTcasc in the size of individual 
colls or fibers as a result of which the organ may boc-ome enlarged. En- 
largement of an organ from any other cause sliould not he called hyper- 
trophy. There is no increase in the numWr t»f the indi\idual elements; 
such an increase is ewered f>y tfie tenn hyjterphsiu. True fiypertropbv 
never occurs as the result of irritation, but always in rcspniis'e to some 
demand for increased function. It is convenient to recognize three varieties 
of hj'pertrophy— physiological, adaptive, and compensatorj’— although die 
dividing linos cannot be drawn too sharply 

PiitsiOLOOiCAL HYTERTnOPiiY.— Physiological hypertrophy occurs apart 
altogether from disease. The l>est example is the pregnant uterus. .U tlie 
end of pregnancy the muscle fibers are ten times as long and four times as 
broad as in the non-pregnant uterus. Tlie hypertrnpli\ of muscles wliicli 
follows hard work (the blacksmith’s arm) may he placet! in this group i)r 
in the next. 

ADtrriVF. IlYrEKTROriiY.— Adaptuc h\*pertroph\ is best seen in hollow 
muscular organs when the outlet is partially obstructed, 'llic wall of the 
organ !)ecomcs thi(?kcnctl owing to an intTcase in the sire of the imi-^le 
fibers. As examples may be mentioned the left ventriele in stenoMs of tlie 
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converted into bone. Anaplasia, or rcvcrsioiniry atropliy, must not l)e 
confused Nvith true metaplasia. Anaplasia is merely the reversion of a more 
highly to a less highly differentiated form. 

Epithelial Metaplasia.— True metaplasia occurs in response to a call for 
altered function or at least as the result of altered environment. If the 
prolapsed uterus becomes everted the columnar epithelium is changed into 
a squamous stratified form better fitted to withstand friction. As the result 
of continued irritation, c. g., from gall stones, the columnar epithelium of 
the gall-bladder may also become squamous, and from this altered epi- 
thelium a squamous-cell carcinoma may arise. The bronchial epithelium 
in a brouchiectatic cavity may undergo the same change and come to re- 
•semble the epidermis. (Fig. 110.) The more highly sj}ecializcd glandular 



Fig. 110. — RemavUable metaplasia of epithelium lining a bronchicctatic cavity. The 
single layer of columnar cells is converted into tvpical stratified .squamous epithelium. 
X 150. 


epithclia (liver, kidney, etc.) appear to be incapable of true metaplasia. 

Connective-tissue Metaplasia. — Examples of this are of common occur- 
rence. Fibrous tissue, myxomatous tissue, cartihtge, ;ind bone are all 
closely related, and one may become changed into the other. The com- 
nionest change is that of cartilage into bone. In old ago ossification of the 
ugOtd and tvacheal cartilages is coinmon ciiouph. Tliis is certainly not 
due to ttltercd function, but may be connected with altered environment. 
Bone inay be formed in the walls of degenerated arteries the scat of arterio- 
sclerosis, or in an eye which is destroyed and functionless. It may be 
encountereil in the edges of a wound in the abdominal wall. Apparentlv 
the connective-tissue cells become converted into bone-formiim cells In 
myositis ossificans bone is formed in the voluntary muscles and may replace 
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them to a larpc extent; this l>onc is probably formed from the coiinecti\c 
tissue between the muscle fil)ers. ilanj’ examples of inctaphi'^ia are si'en 
in connective-tissue tumors; thus the cells of an osteogenic sarcoma of 
hone may form fibrous tissue, mucoid tissue, cartilage or bone. 

Endothelial Metaplasia.— Wlicn serosal endothelium such as that lining 
the pleura or peritoneum is irritated either experimentally or by disease 
it may undergo marked mctapl.istic changes. In place of being flattcncxl 
it may become cubical, columnar, or even stratific'd. The cubical and 
columnar cells may surround slices so as to give a glandular appcaranc'c. 


ATROPHY 


Atrophy is a diminution is size, a shrinking of cells or fibers which have 
reached their full development. Il^'poplasia indicates a failure of full 
development. Atrophy may occur under a great variety of dilTerent con- 
ditions. Some of the most important of these are old age, lack of nourish- 
ment, disuse, the action of toxins, pressure and interference with nerve 
supply. As age advances there is a genend tendency towards ntn)phy, 
host seen in the uterus, ovary, breast, lymphoid tissue, and hoiie-marrow. 
Clirouic stanalion causes wasting of a<li|K>se tissue and muscles: atrophy 
also follows decreased blood snpjilj due to arteriosclerosis. Dmise of a 
structure results in atrophy, as is swn in the anterior born of the spinal 
cord after amputation of n limb. Pressure atrophy is seen in tlic erosion of 
bone by an aneurism or the atrophy of liver (rlis in amyloid disease. 
y'eurntrophic atrophy is due to loss of tropliic impulses when a motor ner\ e 
is injured, but it is difilcult to be sure how much of tliis Is due to disuse. 


HYPERTROPHY AND HYPERPLASIA 
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Hypertrophy.— Iljpertropliy is an incrcast* in the size of indhidual 
cells or fibers as a result of which the organ maj become enlargwl. En- 
largement of an organ fnnn an\ other cause shoulrl not he calkxl hyper- 
trophy. There is no increase in the nuinlnT of the individual elements, 
such an incTc.ase is co\cred by tlic term hyjierpiasia. True hypcrtropliv 
never occurs as the result of irritation, but alwaxs in response to some 
demand for increased function. It is convenient to recognize three \ arieties 
of hypertrophy— physiological, adaptive, and compensatory— althougli the 
<lividing lines cannot be drawn too sharply 

PiiYSioi-oaic.xL IlYrEUTROPiiY.— Physiological h\ pertrophy occurs apart 
altogether from disease. The liest example is the pregnant uterus. .\t the 
end of pregnancy the muscle fillers arc ten times as long aiul four times as 
broad as in the non-pregnant utcnis. Hie hyjicrtroph.x of muscles winch 
follows bard work (the blacksmith’s arm) may be placwl in this group or 
in the ne.xt. 

ADAmVE IlYPEitTRoriiY.— -AdJiptixc hj-pcrtroph\ is best seen in hollow 
muscular organs when the outlet is partially ohstnietwl. The wall of tlic 
oigan becomes thickened owing to an increase in the .size of the imwle 
fibers. As examples may be mentionMl the left ventricle in stenosis of the 
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fiortic valve or liigli blood-pressure witli its increased pciiphei<tl lesistiUice 
(Fis;. 112), the stomach in pyloric obstruction, the bowel in chronic intes- 
timd obstruction, and the bladder in stricture of the urethra. The hyper- 
trophy of voluntary muscle as the result of exercise may be placed in this 
group oi- in the preceding one. 

CoMPEN.S.VTOHY IlyPEUTHOl’Jl Y. 



Fig. 111.— Compen.satory hypertrophy 
of one kidney. 


—Compensatory hypcrtrojiby is 
an increase in size to compensate 
for loss of tissue. It is best 
seen in paired organs. When 
one kidney is removed or atro- 
phies because of disease the re- 
main iig kidney does the work of 
the two and becomes correspon- 
dingly enlarged. (Fig. 111.) There 
is no formation of new elements, 
but merely an increase in the size 
of the existing tubules and glo- 
meruli. When a portion of the liver 
or thyroid is removed the organ is 
restored to its original size, a 
process often spoken of as com- 
pensatory hypertrophy, but this 
is a hyperplasia rather than a hy- 
pertrophy. 

Hyperplasia.— By hyperplasia 
is meant an increase in the 
number of the cells of a part. 
Its limits are more shadowy 
than those of hypertrophy, and 
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it pradunlly merpcs into tlie process of neoplasia or tumor fonuatiou. 
Hyperplasia, unlike hj-pertrophy, is often the result of irritation, althnusrh 
it may also he compensatory or adaptive. Lymphoid tissue readilv 
undergoes hyperplasia as the result of local irritation. Coinpens;itory 
hypoplasia is seen in the bone-marrow which so readily becomes hvpcr- 
phistlc when there is a demand for more blood. When a portion of the 
thyroid gland is removed the remaining tissue undergoes marketl hvyxT- 
plasia so as to compensate for the loss. The liver also has remarkable 
powers of compensatory hyperplasia. 


MALFORMATIONS 

The subject of malformation'', maMcvcIopmcnt, and monsters is an extremely 
large one, invoh-ing as it does a study of all the i>os<ible errors which may oepr 


he wi-^lics to enquire into the rationale of the various m-ilformation- he m.iy con«tilt 
Adami’s Prinnplci of Palhofoytj, or the monographs by B-ilLintync and PchH.-vlljo. 
For convenience the suiijoct maj lie dividc^l into. (1) m.aldc\ elopmcnt*. mcluMon*, 
etc.; f2) local malformation; (3) double mon«fcrs 
^i^U)KV^.l.on^^.^*T!<.— Many minor errors of development are compatible with 
life and even with health. Most of fhc«c will l>c dcecril^eil when <ii<ci8es of tlie 
lndi\ idua! organs are di«cu««o<l. There m.ay lie too few digits or too maiij {8ii})er- 
numcrarj')' Two or more of the fingers or toes may 1)0 fusc<i together, a condition 
of si/ndact'jlif The kidneys may |>c fu«o<l at the upjicr or tlic lower jwle, the horse- 
shoe kidney. Remnants of fetal stnicture« which normally (lisajijx-ar may remain, 
c. g , Meckel's dnerticiiluni, Wolffian <lucts, tli\Toglo<saI duct, ductus arteriosus, 
ete. Tlie congenital anomalies of the heart form a sulijei'l in itself. In the cour«e 
of devclopmont portions of an organ may become detached and includeil in another 
organ. Thus inclusions or “rests” of adrenal cortex may l>e found m the kidney 
and the jielvic organ®, pancreatic tissue occurs in the wall of the stomach and diK»- 
donum, thjroid tissue at the ba-s? of the tongue and ebewhere in the neck This 
(ILspkiccmcnt of tissue is c.alleil hdirolopta. Along the normal lines of closure of 
ilcvclopmciital clefts derm.al tissue-, may infoldetj und mclii<!c<l iii the umlcr- 
l\ing structures. The mclmlcd tissue may «tart to grow, forming an inclu^'nn 
dermoid. There legions are commonest in the face ami the middle line of tlm tirxh 
lioth anteriorly and jxistcrjorly. It jiosvjhie tluit cerbiin tumor? of inixe<l 
ptmeture (parothl and kidney tumors) max ari-s? from thc-e im-hMons 

IxiciL >i\LronM\Tio\s. — During normal dexTlopment a numlicr of groove-, and 
fissures must Ik accurately closed If any of tlicse remain of»cn eif her « hoIK or in 
part grave malformations rmiy result These may lie rexiewed Iwicfly 
AVnral Croocc.— The entire grooxe n-ny remain ojK>n. but usualK the dofincncx 
Is only partial. If the cranial part is o|K*n the condition i« c.illcil craniov/iin-s. if 
the spinal part is unclosed it i« called rhaehio'xhi^^. In craniosrlu'is tlio brain 
mavlic absent save for an amorphous masjof tL'sueon the floor of thc< rania! canty, 
a condition of ancnccphnVj or aatinia, the child is an ancnccphahc mon«tcr Tlie 
frontal part of the cranium rcay be closed, while the occipital part remain, ojicn 
and tlie brain kings out at the back. Wben the patency is more limited m extent 
there may merely be some prolip«c of the meninges or the brain covered by ,km— 
mcningowle or cnccphalocclc. In the spinal canal by far the commone-t def«f 
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spina bifida, the lowest part of the canal remaining unclosed. Here also tlicre may 
be meningocele or meningomyelocele. 

Sternal Fissure— li the patency is at all marked extra-wtcrinc life is impossible, 
for the lungs are unable to expand. The heart may protrude through the opening, 
a condition of ectopia cordis. 

Abdominal Fissurc.~Thc two halves of the abdominal wall may fail to close. 
There will then bo eventration or protrusion of the viscera. 

Urogenital Fisstirc.—T\\e bladder may be extruded or it itself may fail to close, 
a condition of ectopia vesica. If the urethra docs not close it is la'presontcd by a 
groove on the dorsal surface of the jienis or clitoris, a condition of epispadias. 

Facial Cfc/te.—If there is gross failure of the various facial clefts to close, the 
fetus will be a monster. Very much commoner is harelip and the often associated 
cleft palate. The maxillary process fails to unite with the intermaxillary bone .and 
the defect may be limited to the lip or may extend back into the hard and even the 
soft palate. The lesion may be unil.atcral or bilateral. If the intermaxillary bone 
is absent there will be a median cleft p.alate. 

Branchial Clefts.— Tha branchial clefts below the first (which forms the Eustachian 
tube) may remain open. The third is the most frequently involved. The entire 
cleft may remain open, constituting a branchial fistula which connects the jiharynx 
with the .skin surface of the neck. The outer end may remain ojmn : this is a branchial 
sinns. The commonest lesion is a branchial cyst, in which both ends are closed, but 
the intermediate portion remains open. 

Rectal Malformations.— 'Thera m.ay be a persistent cloaca, in which the rectum 
fails to be separated from the external genitalia. If ixartial separation occurs a 
fistula is formed, the rectum communicating by a passage with vagina, bladder or 
urethra. The se]rlum which sepai-ates the skin from the hinrl gut inay not be broken 
down as normally occurs; this is a condition of imperforate anus. 

Double Monsters.— Monsters may be single or double. Instances of single 
mon,sters have already been given, although of course it is not always easy to say 
when a defect is sufficiently severe to justify the use of the word monster. One 
form has not j^et been mentioned. The two eyes may be fused so tliat there is a 
single ej^e in the center of the forehead. The condition is known as cyclops, named 
of course after Polyphemus in the Odyssey. Double monsters arc an anomaly of 
twin formation. They may be symmetrical or asymmetrical. 

Symmetrical Monsters.— In these, two individuals are joined together. The 
union may be in the head region, in the thoracic region, or in the sacral region. 
(1) Craniopagus is fusion in tjie head region. The fusion often only involves the 
scalp and cranium. There may be two faces looking in ojrjrositc directions. Or 
there may be a single head, the two bodies remaining separate. The position may 
be reversed, the bodies being fused into one, while the heads remain se})arato. Tliero 
is then a two-headed monster or dicephalus. (2) Thoracopagus is fusion in the tho- 
racic region, the remainder of the two bodies remaining se;)arate. There may be 
a common thoracic cavity with a double set of viscera. Sometimes there is only 
union between the ensiform cartilages and the surrovmding soft parts. Such a 
condition is quite comjDatible with life, and it was in this way that the Siamese 
twins who lived to the age of sixty-three years were united. ' (3) Ischiopagus is 
fusion in the pelvic region. The head, thorax, and si)inal column of cacli individual 
remain separate, but there is union below the umbilicus and a jrelvic I'ing in common. 
In the above description only the main types of symmetrical double monsters have 
been mentioned. There ai'c endless variations. 

Asymmetrical Monstcrs.-l. Unequal Ticins.— As a rule, both twins develoir 
equally. But one may die and be converted into an amorphous limp) of flesh. In 
othCT cases the fetus is fairly well developed, but the heart is poorly developed or 
rudimentary. This is an ucardiac fetus. In such cases the course of the circulation 
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!):is l)ccn rc\erpcd; the ncardiiic fetus is nourished by the blood of the other t^iti, 
‘•o that the heart, having little to do, docs not de\clop. 

2. Parafilic Fetua. — This is :m example of a double monster in which the dovelnp- 
inent of one of the twins is arrested. This twin docs not die as in tlie e:i‘-e of unequal 
twins, l)ocause it is \mitcd with the other twin upon which it lives us a parasite. 
The parasite may l)C attached in the cranial, thoracic, or pelvic rcRion, givins a 
parasitic craniopagui, parasitic tkoracopagta, or parasitic ischiopagus. The parasite 
may Ik* fairly well dexolopcd or may be a mere jumble of tissues. When such a 
rudimentary ina«s ia athiclicd to the mandible it is o.dled an cpignalhus. It may lie 
attaclied to tlio .sacrum, forming a snrral teratoma. 

3. Congenital Teratomata ~K<i ahead}* indicated, the parasitic mass iniy !« 
unrecognizable as a separate individual, consisting mcrclj' of a confused ma-s of 
ti-sstios such as lirain, lionc, cartilage, teeth, skin, hair, and glands. This may lie 
attached to the exterior of the body, most often in the Siicral region, or it m.iy lie 
included in ttie body eaxaty (mediastinum, ovarx*, testicle, etc.). The«c arc congen- 
ital tcr.atom.ata or dermoids, so-called because they contain dermal structures. 
They arc to be distinguished from the teratomata which dox'elop in adult life, 
usually in the ovary, more rarely in the testicle, and which arc probably derived 
from segregation of one of the hlastomeres of the de\*cloping o\*um. 


ADDITIOyAb READING 
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THE GENERAL PATHOLOGY OF TUMORS 

>\0 single sentence definition of a tumor can ijc satisfactory, because it 
leaves too many loopholes, but for most purposes a tumor or neoplasm may 
be defined as a local growth of new cells which proliferate without control 
and which serve no useful function. 

Tumors can be divided into two great groups; the benign, or innocent, 
and the malignant. In typical and fully developed cases the distinction 
can be luade at a glance. Unfortunately there are intermediate forms in 
which the differentiation may be extremely difficult, and a benign tumor 
may develop into a malignant one. All malignant tumors are included 
under the common heading of cancer, meaning a crab, for claw-like proc- 
esses characterize both the tumor and the animal. Malignant tumors of 
epithelium are ealled carcinoma, those of connective tissue are termed 
sarcoma. 

The features which distinguish a benign from a malignant tumor arc 
easy to enumerate, but unfortunately with experience exceptions to nearly 
all of these will suggest themselves. As the most important of all the many 
duties of the pathologist is to differentiate between benign and malignant 
tumors, it will be realized that his task may prove to be one of great 
difficulty. 


CHARACTERISTICS OF MALIGNANCY 

In deciding the all-important question of the malignancy of a tumor it is 
necessary to consider l)oth the hislnhriii, that is to say the arrangement of 
the tumor cells jind. their relation to the surrounding normal, tissue, and 
the cj/UjIw/ii, ffiii.t is to say the character of the tumor cells and especially 
the character of their nucleus and micleolus. 

1. Infiltration. — A malignant Aiimor infiltrates the. surrounding .tissue. 
Il-seuds-claws-into it like a crab. Anjimocent tumor grows by expansion 
likeuuballoon, and-is usually se))arated from surrounding structures by a 
capsule ,oi. c,ompressed_,tissue. But a benign glioma blends imiierceptibly 
with its surroundings, and an angioma infiltrates without being malignant, 
(kmycrsely, a malignant tumor in its initial stage may be a non-invasive 
carcinoma or carcinoma in situ. 

2. Recurrence.— This clinical term indicates that the tiunor, has reap- 
peaied. aftcr removal-or radiotherapy. It does not mean that a new tumor 
has originated, but rather that some of the cancer cells have escaped iniurv 
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ajidJiaYii_multiplie<l_ia.form_anothcr_jiiass. GinaT cells may remain 
dormant for many \ cars and then hepin to prow apain. The proof of this 
fact will be been when tlic que3tioii_of thc.sprejid/)f tumors is eoii'idertHl. 
There is always the posbihility of the development of another tumor. 
Thus a cancer of the hp may be removed completely, but a stvinid cancer 
may arise in another part of the lip some > ears later. 

3. Rapidity of Growth.— liapid.Rrowth is_char.icteri'«ti(i.of malicnant in 
contrast .to luMiign^tuinors, hut to this there are many exceptions Some 
cancers, especially in old people, arc of very slow prow tli. If a benipn tumor 
should start to prow quickly it sliould arouse sus{)icion of a malipnant 
dianpe. The presence of ninnerou.s mil/itie figures is siippcstive of malip- 
nancy. The more rapid the prowth, the more munerfin-> the mItose> 
The nucleus may he. rcpre-'cntwl hy a dark mass of chromatin, or the 
chromatin may be collectc'd as a bar across the center of the cell (monaster, 



A B 

Fio. 113 —Mitotic fitrurcs A. shows the monaster st.ijrc (metaphase) 
and B, the diaster stace (anaplia«e) v ”00 


inetaphasc) (hip. 1 13A) or in two separate luubscs, one at each pole (diastcr, 
imaiiinisc) (Ftp. USB). In .maJipmuit-tumors-atvpical mitosis (imilti- 
ccntrii^liyision) may sometimes be seen (Up. 114). Colcliiduc. has a 
remarkable powcr.of arrestinp the completion of cell di\ ision, so that preat 
numbers of mitotic fipurcs may be seen. As it is cluritip mitotic, division 
that the cdl is most readily damaped by radiations, it is evident that the 
tisc of colchicine may find a place in the radiothcrjjpy of cancer. It must 
be remembered that mitosis is present in pranulation tissue and in other 
rapidly repeneratinp cells (I-lp. 49. pape 109). so that it is no proof of 
malipnancy. 

4. Nuclear Changes. —The reproduction .of u.cdl is j;p.v erjicnl 1\\ the 
tmdens, and in particiilar_by-the nucleoproteiiis of the chromatin. Ultra- 
violet spcctroscopy.shows that there is intense activity. of this mahanisin 
in cancer cells. For this reason the patholopist pays spec-ial attention to 
the miclcus in determininp the qnestion of malignancy of a tumor. Hie 
midcus.pf a canct'r erll is likely to bcJarpcaiid h.vperchromatie, so that ‘ 
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stains intensely with hematoxylin, or the chromatin network may he 
coarse. The nucleus varies much in size and shape, and the cells themselves 
show similar variation. The nucleolus .is large iu proportion to the size of 
the nucleus, andmportant feature which may he more evident in frozen 
seetions of the unfixed tissue or in wet films. (Fig. 116) INIicroincineration 
shows an increased inorganic content of the nucleus. 

5. Anaplasia.— A maligiiant tumor fails to reproduce the structure of 
the tissue from which it grows, whereas an iniiocent tumor nuiy rci)roducc 
it pei'fectly. This lack' of differentiation is called anaplasia, a concept first 
introduced by ITanseinann in 1S93. Thcjnorc. anaplastic the tumor, the 
inpre malignant is it likely to he. W hen th e cells fail to show a normal 
relatio.nship. to their neighbours they arc said to show loss of jjolariln. 



Fig. 114.— Atypical mitosis. The 
chromosomes have divided into 
three p;roups in the center. Tliree 
centrosome.s and attraction spheres 
are also seen. X l.oOO. 



Fig. 115.— Pmear of cancer of 
breast showinii irre.avilar cells 
and iarpe nucleus and nucleolus. 
X 500. 


riie gradiiuj of iuvtors as regards degree of malignancy depends mainly 
on loss of difierentiation, coupled with such features as hyperchroraatism 
;uid the numlrer of mitoticiigures. On this basis it has become the practice 
to divide some of the carcinomas into four groups according, to their micro- 
scopic appearance, grpuj^ being.the.most difi’erentiated and benign, grade 
■^-Ahe. most anaplastic, and maligiiant (Broders). Epidermoid carcinoma 
(higs. 116-119) iind adenocarcinoma (Figs. 120-123) are the types of cancer 
nhich lend themselves best to grading. The chief value of grading is that 
it SCI \'cs to indicate those cases (grades 3 and 4) which may be expected 
to respond well to radiotherapy. The method has severe limitations, and 
genei alizations based on it are dangerous, for a tumor may not show a 
uniform. structure, and some parts may be much more differentiated than 
others, so that .a. biopsy may be misleading. The elinician must not take 
grading too seriously in determining the prognosis of a malignant tumor. 





Fia. 118, Grades. F»o 119. Grade 4 

Fig” IIG to 119 — Tlie four prades of cpjderrnoid carcinoma 
Didcrcnliatinn i« complete in Fis U6, Fir 119 is CTiiemcly an.spK'tic nith many 
mitotic ficurcs Fur 110, X 200, Firs 117 to 119, X 500 
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but must consider the age of the ])aticnt, the extent of the disease, its 
duration, its rate of growth, and, most important of all, invoivemeiit of the 
regional lymph nodes. 

6. Loss of Polarity.— Epithelial cells which are arranged in sheets show 
a regular polarity, by, which is meant the arrangement of the cells with 



Fig. 120, Grade 1. 


Fig. 121, Grade 2. 



Fig. 122, Grade 3. Pia. 123, Grade 4. 

Figs. 120 to 123.— The four grades of adenocarcinoma. X 125. 
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their long axis perpendicular to the surface of the sheet. One of the early 
signs of a malignant change is loss of the normal polarity, so that the cell’s 
now present what may he termed a jumbled arrangement in relation to 
the surface. 

7. Spread to a Distance.— A malignant growth sooner or later sets up 
secondary growths or metastases in the lympli nodes winch drain the part 
and in distant organs. E ven here tliere are captions, for malignant 
gliomas do not behave in tins way. ” 



Via 124.--' ' • ...... . . 

chromatjc nui I 

imprevion of 

abnormal pre'cnalion of nuclei X 375 

S. Fatal Outcome.— A..ma|ignant tumor, as-its name implies, tends to 
kill the patient wherever it grows, c\cn in tlic hand or foot. An innocent 
tumorjwill only . causa death-if ithoppens to grow in a vital organ. 

Prcint(uiic.Cjirc\novia.—\n important stcp.in tlic fight against cancer 
is the recognition by the pathologist of the ver>’ earliest beginnings of the 
rhalignant process. \Ylicnjnctastascs-havc-ocairrcd it is too late. Wien 
invlisTbn of the deeper tissues can be recognized it ma> l>c too late. But 
when the malign.ant change is still cj-tological rather tlian histological the 
disease is curable. This-state of affairs is known as carcinoma in ritu or 
!5 
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preinvasive carcinoma. The three e,\'tological features which indicate this 
condition are nuclear changes, anaplasia, and loss of cellular ])olarity (Fig. 
124). The picture at once strikes the observer as being atypical and 
bizarre. T he cells appear to be becoming restless. This ominous change is 
not necessarily confined to one spot. Carcinoma, whether preinvasive or 
invasive, may have what has been described as a wiflefichl of origin. Refer- 
ence to Figure 125, will show a multiple origin in a limited si)ace. The foci 
of origin, however, may be widely. separated. This is be st seen in Faget’s 
disease .of the breast where preinvasive carcinoma of the skin of the ni])ple 
is associated with foci of carcinoma of the duets of the breast, sometimes 
localized, at other times distributed over a wide area. It is in carcinoma 
of the cervix uteri that recognition of preinvasive carcinoma is of the great- 
est practical importance. 

METHODS OF SPREAD 

The ability to spread, both locall 5 '’ and to a distance, is one of the most 
important characteristics of a malignant tumor, for it is the main stumbling 
block to the successful treatment of cancer, ddie power and method of 



Fig. 125.— Multiple foci of independent growth in a rodent ulcer. X -15. 


spretid constitute the main feature of the natural history of the tumor, and 
this may provide a valuable clue to correct diagnosis not only to the clini- 
ciiin but to the pathologist. \Mion at autopsy tumors are present in the 
lung and the adrenal, it is not necessary to look down the microscope in 
order to determine which of these is the primary growth. It is only neces- 
sary to know the age of the patient. I,n.,a child the primary tumor is a 
neuroblastoma of the adrenal medulla; in an adult it is a carcinoma of the 
lung. The answer to this riddle will be found in the discussion on tumors 
of the lung and adrenal. The secondary growths or metastases may domin- 
ate the clinical picture. Thus a patient may present himself with all the 
symptonis of a ceri'Iiral tumor, and only a slight cough which he may forget 
t() mention will suggest to the well-informed physician that the case is one 
oi cancer oi the lung with metastases in the brain and that treatment is 
useless. 


V 
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\Ve lia\e learned nuich about the routes of tumor 5 pn\nd. WV know 
iie.xt to nothin? about the conditions uhich dctcrininc thi*; spread. Smu« 
cancers sprc.id by one route, some by another, some spread from the verv 
l>e{;inmn};, some do not spread to a distance for many years. 

Tlicre arc -six mctliodsby which a tumor may spread: (1) by infil tration. 
(2) by l\-ntphat ic5. (3) bejiloodvessels, (-1) alon? natural passaces. (3) 
throuph scro\is cavities, (G) !>y inoailation. 

1. Infiltration.— The fact that cancer cclU, ImuIj can'inonia and s.ar- 
«)ma, may penetrate tlie sur- 
rounding tis'svies^is everyday 
knowledge. Indeed \t repre- 
sents the verjijcaicnce of.ma- 
lipnancy^and .^forms jthe jnost 
important ,distingubliinn fca- 
t virc. !«.’ tween . benign and . ma - 
lipnnnt neoplasms. 

Yet it is difUcult to form a 
mental picture of the mceha- 
nismof this Infiltration. Cancer 
cells lack the mobility- of poly- 
morphonuclear Icucocjies and 
macrophages, and they are 
faced uitlithc resistuticc of tlic 
mucopolysaccharides of the 
ground substance. •' It is pos- 
sil)le that this harrier may be 
broken doun by enzyme ac- 
tion. for at least some malig- F'o 120 —Tumor cmMu'* m rv blood ve«wl 
nant cells seem to ha\e (he i x 3*5 

IwwortoprodiKV Innluronidasc. \ 

L:^ph Spread.— Tumor cels can readily enter lymphatic channels. 
They may c.\tond along thc«e channels by pnnicafio/i (Fig MO, page 200), 
or they may be earrietl both to regional and .distant lyanph noiles by 
lymphatic-cuibolijoa. TIiciuippjLjsdls a^at,first confinwUp the priphcral 
r- wiibir Ivmph sinu'ics. 'Ibcre is little direct spread from node to 

” Kanplwties. Thc.lym- 
•• • the nodes yyhcrcjlu* 

ode is completely over- 
whelmed. Markctl Jiy|)crpiaaia-w — otlicJial-cdlsJming the 

sinusoids (sinus histiocytosis) may ocxtir in thc-regianaljitKlta apart-from 
the.pre«onoc,of motastases, and this ,at least in ameer oflhe breast, iiuH- 
cates a favourable prognosis (Black rf oh). 

All the lymph from the ^bdommal organ^-reflchrs the-thnrncie duct, 
wluelyfiually opens into.llve left jugular vein (Spread along the thoracic 
duct explains those ai'^s in ^^bich cancer of the gastrointestinal tract ' 





.UfiT/fODS Ok' SPREAD 


227 


\Vc have learned much about the route-? of tumor spread. We know 
next to nothinp about the conditions which dctermhie this spread. Some 
cancers spread liy one route, some by another, some sjiread from the verv 
bepnmng, some do not spread to a distanw for m.Tiiy ears. 

There are six TOCthtnls by vdu<d\ a tumor may spread: (\) by inr d|rai»m, 
(2) hy l ymphat ics. (:i) b£i)lQodv4*s»3els, (4) alon;: natural passages, f.',) 
throupii serous cavities, (d) by inoculation. 

1. Iiifiitration.~Thc fact that cancer cclU, hotl> c-.ireinotnu and s:ir> 
coma, may penetrate. the sui- 

roundins tissues^ everyday • - ^ ■ 

knowledge. Indeetl it repre- 
sents the veryjiasence of-ma- 
lignancy and ..forms Jthe.^m_ost 
imjwrtaut distinguishing fea- 
ture. betw ecn. benign, and ma- 
lignant neoplasms. 

Yet it is difficult to form a 
mental picture of tljc meeha' 
nism of this infiltration. Cancer 
cclW lack the mobiUty.of poly- 
Tnor])honuc!oar leucocytes and 
macrophages, and tliey are 
faced W’ith the resistance of the 
\ mucopolysitccharidcs of the 
iground substance.' It is pov 
siblc tiiat tliis barrier may l»c 
broken down hy enzyme .le- 
tion, for at least some malig- Fio. 120 — Tumor embnlu^ In a blvnl vrvel. 

nant eelU seem to have theu ^ 

jxm er to prmiuoe iu-aIuronidn«e. |\ 

Lymph Spread.— 'iumor ccifs cai» readily enter /ymplintic clianncfs. 
llicy may extend along the«e channel-? by pcmealion (I'ig. 14!>, page 200), 
or they may be carriwl both to regional and .distant lyunph nodes by 
lyiUphatic.cHif«)fMH». ThciuipQLttUs arn'.at.firtt eonfme<l to the peripheral 
sijbcap'iuiar lymph .simise-?. Tliere is little direct spread from node to 
uude. but spread .readily. occut 5 j)j::.aig^toinosmg luupluvties. Tl»c liiu- 
phaj jc sp read of cardnon}ft-l«2j^jn3rib‘rendK>rie, the no<lcs yyhcrc_the 
cmbolUQdgc..prevcnting furtheb-upread uulil the no<le Ls completely . 
whclmeil. Marked hypcrpla«a-of.tIit.reticulocniLDthclial- cells 5: * " ‘ 
sinusoids (sinus histiocytosis) nwy oceucin the -regional nodes, apart 
the present of mrtji.sta«cs, and this ,at least in cancct-of JJm breast, 
cates a favourable prognosis (Black et a/.). 

All the lymph from the jibdoininnl -organ-* reaches ^be-tliorncic^^^^ 
which..finally opens into .the left jugular vein ^^pre.id • 

duct expl.iins tlio^c c.i.^ in which cancer <»f tb'- gastroii'te^ 
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We Imve Icarnc<l much about the routes of tumor sprcai!. We knou 
next to nothing aiwut the conditions which dctern)ine t lijs spread. Snne 
cancers spread by one route, some by anotlicr, some spread from the 
hcginriinp, some do not spread to a distance for many yeans. 

There arc si\ methods by which a tumor may spread; (1) bv inf\hrnti(>n. 
(2) i )y lyinpha tics. (3) b y blo tMlveyiels. (4) along natural passages, (o) 
through serous cayities, (G) by inoculation. 

1. Infiltration.— The fact that cancer cells, hotli ttio'inonja and sar- 
wtna, may {xmetrate the sur* 
rounding tiss ues is eycrulay - - . 

kno\vlc(igc. Intlccd it repre- 
sents the ycryjascncc of.ma- 
Jignancy^and , forms, the jnost 
im{M)rtnnt .distingimlung fca- 
turc-hetucen. benign and nia- 
iignant ncdplusms. 

Vet it isdiflicuU to form a 
mental picttirc of the mecha- 
nism of this infiltnition. Cancer 
cells lack the tnohtllty.of poly- 
morphonuclear IcucocWcs and 
macrophagM, and they are 
faced with the resistance of the 
n)ucopol.\sjJCcharjdcs of the 

ground substance. It is |)os- 
«{blo that tliis harrier may be 
broken down by cn7\me ac- 
tion. for at loa‘»t some malig- 
nant cells seem to have the, 

{K7a er to prrxhire Innluronidase. , 

Lymph Spread.— Tumor cells can rcadil\ enter lymphatic channcl.s. 
They may extend along these channels by (Fig 149. page 2GG), 

or they may he'carrled both to regional and. distant lymph no<le3 by 
l\ 3 Upluilicx«Jx)lijoH. ThclumeLtcllianLat firvt confuxdto tlic i>eriphcr.d 
oGwinsular lymph >inuses. Tliere is little direct spread from nculc to 
• . Tlie l\Tn- 

•» • the nodes where^thc 
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whelmed. Marketl In-pcrpiasaa-ui-un, 
sinusoids (sinus histiocytosis) may occu. 

the presence of mctasta.ses, and this .at least in cancer of llie breast, indi- 
cates a fayourahle prognosis (B).ick et at.). 

All the lymph from the Jlhdominol or(s«i« reaehe? the-thnrocie duct, 
tvlwh imaliy opens into .the left jugular vein. Spread along the thoracic 
duct explains those cases in uhich cancer of the pascrointestinai tract is 
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We hfive learnctl much almut the routes of tumor sprcac). We knou 
next to notliin;: aljout the eomlitious which determine tJiis spread. Some 
etneers spread hy one route, some hy another, some spread from tlie very 
hcRimiiiijj, some do not spread to a distance for many ycar-^. 

Tljcre are six mctliods by which a tumor may spread: (1) hyjnfiltnitimu. 
(2) h y lympha tics. (3) h y (4) alou|; natural passages, (')) 

through serous cavities, (b) hy inocuiation. 

1. Infiltration.— The fact that cancer cells, both nircinoma and sar* 
coma, may iKmetrate the sur- 
rounding tissues^ is everyday 
knowledge. Indce<l it repre- 
sents tlio vcry„£i5CiJce of.jn.a- 
lignancy ,a ml . forms Jhe jnost 
important distinguisliing fea- 
ture- between .benign and. ma- 
lignant neoplasms. 

Vet it is difficult to form a 
mental picture of the mccha* 
nism of tliis infiltration. Cancer 
cells lack the mobility .of poly- 
morpbnuuelciir leueoev'tes and 
nincropliages, and they are 
fnml wdth the rcsistanccof tlic 
linucopolysaceiiaridcs of the 

jground substance.' It is |k>s- 
si\)lc that this barrier ma\ he 
broken down hy enzyme ac- 
tion, for at least some inallg- Pw 1 ? 6 -TumoremlWu^ina blood 
uant evils seem to have the 
pow cr to pnxUiee hydiiron'Klase. 

Lymph Spread.— Tumor oe . . . . . 

They may extend along these ehannch In pcnnealion (Fig 140. page 200), 
or tliey ma\ he carrirtl both to regional and .distant l.viuph no?lcs bj 
lyiUphatic-caiio/MiH. Thcduinouxdls arv* first eonfiuHtu the pcriplicr.d 
«iih<<u)«vilar lymph sinusc.s. Tlierc is little direct spread from node to 

lyniplwvtics The l^Tn- 
tlie nixies y\licre_the 
<xle is eompletely over- 

wiiclwcd. Markeii In'pcrpiaioa-oi * 4 * 1 - othclial cells iiniiig tlic 

sinusoids (sinus histiocytosis) may occur in the-regional nodes. apart from 
• ■ . “ • ’ •>♦ least in cancer, of ihe breast, indi- 

■ ■ ■■ ■ ■ ■ . 'gjins-rmclic^ the tlmraeie duct, 

which Jinaliy opens into the left juguior vein. Spread .along the thoracic 
duct explains tho«i‘ eases in which cancer of the gasirointi-stina! tract is 
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Wc Imvc lonrncd imich alyout the routes of tumor sprearl. Wc know 
nc'ct to [lotliln^j about the conditions \sliich detcrnu’no tins spread. Some 
cancers spread by one route, some by another, some spread from tlic ^cry 
bcjjinninji, some do not spread to a distance for rnany ye.ars. 

Tljere jjre six methods by which a tumor may spread; (1) by^ir? fihr.i>?(»t. 
(2) } iv lymptu ttics. (•'?) b y bl ood cessets. (.t) along natural p!>ss.im>s, (.>) 
through serous cavities, (G) by inoculation. 

1. Infiltration.—The fact that cancer ctdls, both carcinoma ami sar- 
coma, may penetrate the sur- 
rounding tisstj^cs^ is ever\<lay 
knowlctJgc. Indeed it repre- 
sents the vcryj;asCJicc of.ma- 
lignancy^and Jorins „the_ jnost 
imi>orfnnt..di^tinguis)ung fea- 
ture-hctwccn. benign and ma- 
lignant ncopla'sins. 

Yet it is difficult to form a 
mentai picture of the mecha- 
nism of this infiltration. Cancer 
cells lack the mobility of i>oly. 
morjihonuclcar Icucocx-tcs and 
macrophages and they are 
faced with the rcsbtunccof the 
Imucopolysaccliarides of the 
) ground substance. ' It fs ik>s- 
siblo that this barrier may be 
broken <lo\vn by cju^yine ac- 
tion. for at least some rnalig- F»o 12C.-Tumoreai»»lus5nab!<Kxl 
mint cells scorn to have tfic v ^ 

jxiwcr to jirodiKv ii\-aluronidase. ^ 

Lymph Spread,— Tumor eels can rc.adiJy enter Jyniphatic channels. 
Tliey may extend along tliesc ehanncN In iicrmcatton (Fig I4f>, page 200). 
or they may be carrie<i Ixith to regional and /iisUint Ijinph nodes b\ 
Iv^uphalia-CHiWi^j". The tmn pr celb «re at first confimHl to the peripheral 
subeapsular lymph sinuses. Tlierc b little direct spread from node to 
nmk, but iproud readily occur^y-anastomo'^ing Ivmpliaties. llie lym- 
phaj ic •^p read.-of ,careiooma is-j^rimaali'^miKiltc. tlie nodes where .the 

ernbolUodgc-prcvem. -■ ■ • - r--r- 

wJiclmctl. Markeii ; : ■ ic 

sinu^oids-fsinus histiocytosis) may oeonr m tnc legiuiwi m 

r on/Whis jit least in canccc of ilie breast, indi- 

’ at.) 

d organ*- renehe-* the-thoracie duct, 
■'vhich.ftnally opens into .the iclt jugular vein. Spread along the thoracic 
duct c.xpliiins those ca.*es in which cinccr of the gastrointi'Stinal tract is 
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^Ve }tavc Icarrtwl much abotit the routes of tumor spread. We know- 
next to nothin}; almut tlie coiulitiona which determine this sjwad. Some 
cancers spread by one route, some by Another, some spread from the very 
l)rpii)nii)R, some <)o not spread to a distance for m.iny yc.ars. 

There arc six methods hy which a tumor may spread: (1) hv infihrnfi.m. 
(2) i> y lympiia tics. (3) hyJ)loQdv«-»sel^,- (4) nionp nnturai passages, (.’>) 
through serous cayities, ((i) by inoculation. 

L Infiltration.— The fact tiiat tancer cells Iwll* ^irelnoma af«l s.-ir- 
com.'i, may penetrate tl>c sur^ 
roundin;; tissu es is cycryday -- 

knowlcdpc. Indeed it repre- 
sents the vcryjjiiscncc of-ma- 
!ipnancy..and . forms^he^tno-st 
imiK)rtant flistingubhinR fca- 
turc.l)ctwccn.bcmpa and.ma- 
Hpnant neppla-^ins. 

Yet It is dlflicult to form a 
mental picture of the mecha- 
nism of this infiltmtion. Cancer 
cells lark the mobility of poly- 
moriihonuclcar leucocytes an<l 
macrophages, and tliey arc 
facc<l w ith the resistance of the 
Imuc'opol.N saccharides of the 
fground substance. It is pos- 
sililo tliat this barrier may be 
broken down by enz.Mtic ac- 
tion, for at least some malip- 120 — Tutnor<Mnl>olu<ln 6 Wood \r«:l 

nant cells seem to ha^e the|. y Z<o 

IKiw cr to produce hs-nluronldase. |\ 

Lymph Spread.— 'iuinor ceils can readily enter lympliatic channels. 
They may extend along the'sc cliannels by pmnea/ion fl'ip 149. page 200), 
or tlicy may be cjirrlofl both to regional and .distant hmph nwles by 
lyjuphaticc/KfWi>/«. ThcIuiiiflC-Cchs are at coufinerl to theperlphcril 
subcapsular lymph sinuses. There little d>re<*t vpread from node to 
nude, but spread-tC4idil.v occur!uby.iuiJ‘ 5 tomo'»inK lympluitirs. The l\an- 
ph.ajie spread, of . ca»-«’innnin is-nTjnOOlyTeml>olic, tlie nodes, whcrc.jhe 
eiabQliJodge.prcven ' ’ * ' - 

whelmed. Mark«l . . .c 

sinusoids (sinus bistioc>'tosi.s) may ocnir m the-it-giunai iiuui-» ..-.n 
the presenct'jif metastascs, and this ,nt least in cancer of llie breast, indi- 
cates a fa^•ourable pnignosis (Black ef al.) 

All the Ijmiph from the jbdoininni -ont«ns- reaches the-thomclc duct, 
which .finally opens into.tlic left jugular vein. Spread along the thoracic 
duct explains those ca«cs in which cancer of the gastrointestinal tract is 
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We have learnwl much a{)oiit tlie routes of tumor spread. \\c kti 
next to nnthinp a!>out the conditions wine!) detenniiic tlii-s spread. Sr> 
cancers spread hy one ixmtc, some l>y another, some spread fn)m tim v( 
hegirmint:, stunc do not spread to a distance for many xear"!. 

There arc six methods hy which a tumor may sprea<!: (I) hy mn (troti( 
(-) hy Ivnmha tics. (3) l>yJ)Ioodv*K«e!9, (4) along natural passages. i 
through serous cavities, ((5) hy inoculation. 

I. Infiltration,— 'Hic fact that cancer cells, both (xtreiuoma niul s 
(X)ma, may penctmte tlic sur- 
rounding tissue^ is c\eryday J ' 

knowlwigc. Indeeil it repro 
scuts the vcryoJ^cncc of.ina- 
lignancy-.nnd.f<»rinsjhc,.most 
iini>ortant .diMinguidung fea- 
turc.l>cU\ccn- benign :ind.ina- 
lignant neoplasms. 

Yet it is diilioult to form a 
mental picture of the mecha- 
nism of (his innitration.Canccr 
cells lack the mobility of poly- 
morpbonuclc.ar leucocytes .and 
nincrojdiagc't, and they arc 
fjutxl w itli t lie resisuince of the 
i mucopolysaccharides of the 
Iground subst.anc-c. It is po«!- 
«n)Io that this barrier may bo 
broken down by cnr.xmc ac- 
tion, for at least some inalig- Fm 12G,— Tumor mtx>lu< In a blood vewl 
nant cells seem to have the 
jxr^ver to produa*i>yn!uronidasc. 

Lymph Spread.— Tumor cc 
Tlicy may extend along these elianneK by pcraicatjon (Fig 149, page 2G< 
or they may he 'eamwi lioth to regional and .distant I.nnph nodes 
IxlQphaticcwdWww. TIiciinpQtxeUs are at firjt confinefi to tlic periplici 
suheap-ukar lymph -«nu^cs. llicro U little direct spread from n^c 
noJib but sprc.\d • . — Kanpluities. The lya 

p^ ttig sp read, ,of ■ • ■ the noflcs where ,t 

cmboiUodgc.prevcnting ode is completely ov< 

xUiclmeik Market! hyperptasia-of Ihc rctioilDcndothelial cells dining t 
sinusoids (sinus histiocytosis) may occur in the regional nodcs.apart-fre 
the presemv of metastasesj and this ,at least in cancer oflhc breast, im 
cates a favoumblc prognosis (Black ft oA) 

All the lymph from thejibdominal organs- reaches the thoracic due 
whieh^finally opens mto,thc left jugular vein. Spread along the thorac 
duct exTilains tho«c cases in which cancer of the gastrointestinal tract 
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TUMORS 


Fig. 127.— Tumor invading wall of vein via a lymphatic and surrounded by a thrombus. 
The darker material is the tumor. X 70. 




Pig. 128.— The s.nme tumor failing to penetrate wall of artery. X 325. 
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ns<^Iatc({ ^^^th pulmonary inctastascs whilst the liver remains clear. 
Involvement of tlie supniclavieiilar nodes on the left sde of the lU'ck is 
occasionally <lue to ma.ssive prowih of tumor throuphout the length of the 
duct, hut usually to tumor cmlmli from the cisterna ehvli lodging l)ohind 
the valves at the termination of the duet, w ith extension along the 1 vinphat- 
ies to the no<les. 

3. Blood Spread.— Caaccr colls may reach the hlood cither hy way of the 
thoracic duct or hy direct invasion of the hloodvcsscls. The veins arc 
,* invaded with grciit readiness, hut the arteries very rarely. 'I!lic.clnc£.rcason 
11 for this striking diilcrcncc appears to he ilie fact that l.vmpliaticairequcntly 
I penetrate the walls of tlic larger veins and form a plexus reaching, to the 
I sul)-eiulothelial region; tins is not true of the arteries. (Figs. 127 and 12S). 
A thromhus forms over the eroded endothelium, and this is invaded hy 
tumor colls. It is this ctuulunation of thromhus and tumor which hccomes 
detached and forms the tumor em\K)li tliat arc likely to resjilt in metastas<'««. 
Clunjps of Uunor cells uncxvnnected with thromh\is may fnrtu pure.cmlHili, 
hut they may not give rise to mctastascs owing to.inahility to lK:come 
colonired iit the site of itnpactton. 

The rite of mctastascs is goveriic<! largely although not entirely hy the 
anatomical distrihution of bloodvessels, esptxdally veins. Cancers of 
organs drained by the portal cireul.atlon will mctastaslre for the m'ost ])art 
Uvgr. Cancers of tlvc kidney, utcrtjs and limbs, parts drained by 
the systemic veins, metastnri/e as a rule to the lungs. 

Unfortunately it not infrequently hapi)ens that tumors do not behave 
uecordiiig to rule and mctastascs occur lu unexpected places. A few 
illustrations will suflice. 

Bone mctastapcs arc so common In c-suietT of the prostate that they often 
dominate the clinic-.il picture. The secondary growths arc in the spine and 
particularly In the hunhar region. 'Hjis distribution is e.xplaineil by the 
ri'rlrbralajiflcni of rciuf (Bat.«on), which pass up umda-tbc-ipiiul-canal 
anTl auastom"os<rvniIi sicral, lumbar, alMlominal and thoracic veins, as well 
as with veins penetrating the vertebral Iwdics and cranial Iwrics. There 
are frctiuent reversals of flow in this vast iulcrcojumuniealing svstem the 
result of coughing, straining and increase of intra-alHlominal pressiire, for 
thcsc-veujs.arc>witiuiut,i'ahYS' I>urinp tJjc>c revers;ds a pathway up and 
down the spine exists whicli docs not involve the heart and lungs, a system 
which is more a lagoon vvitli occarioiwl ehb and flow than a channel of 
streaming hlood. Flow takes place into the system during coughing. 
‘^Tving to explain the high incalenix* cerebral inetastascs in ameer <)f the 
lung and of cerebral nbscc.ss sccondarv to lung ab«!a‘ss 

At nutopsyjtpftcn Jiappciis tlmt tbe liver conUiins an incralihle nmnlKT 
of inetasta.scs'such ns arc never found in the kidney nr spleen. 'Diis-h> nt)t 
due to ihc fact that tlic liver provides a specially favourable joil for the 
growth of tumor cells, but beamse the hrattche^i of the rein, readilv 

invaded by tumor, have an arterial ^listribution and i)ecome smaller as 
they proceed. It is in this way tlwt secvmdniy tumors can give rise to ter- 
tiary ones, and tlicsc new tumors can again repeat tbe process. 

The p nhionaru retm pnn-idc. 4 molhct.lPCthn<l„of.di>«emiriatinn. Not 
oidy a immnry hronchngcnie carcinoma but also metastatic growth-s in the 
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lung may penetrate the v,'all of a puhnonary vein and thus reach the left 
side of the heart and the systemic circulation. It can be sliovn cxperimcnt- 
\ ally that tumor cells readily traverse the pulmonary capillaries, hut it is 
\tumor emboli rather than individual tumor cells v-hich set uji mctastases. 
The filter of the lung is likely to hold up emboli, so that the lungs share 
with the liver pride of. place as regards frequency of secondary growths. 
Tumor emboli, however, are Hot synonymous witltjncta.stases. 'Jhimor 
emboli in the lungs often die out, as"h'I. B. Schmidt showed many years 
ago. They become coated with fibrin, the cells are not properly implanted , 
and fail .to .deyelop into tumors. It is the embolus composed partly of the 
tumor .and partly .of thrombus which is likely to grow when it becomes 
impacted in a vessel. 

4. Spread by Natural Passages. —Tumor cells may be carried along such 
passages as the bronchus, bowel and ureter, and it is conceivable that they 
might become implanted on an epithelial surface and form a new growth. 
This might explain the simultaneous o ccurrence of .the sanie type of tumor 
in..the .renal .pHvis..an.djthe bladder. It is more probable, howe^•er, that the 
ceils have passed down lymphatics in the wall of the tube, or that two 
independent tumors have developed at the same time. 

5. Spread Through Serous Cavities.— This method, known as trai.is- 
celomic.spreadj is the explanation given for the frequent transfer of cancer 
cells .from the stqinach.to the ovaries, rectal serosa, etc. Small implanta- 
tions on the peritoneum can often be traced between stomach and ovary. 
There is nothing inherently improbable about this concept, but to the 
vT-iter the arguments in favor of spread along lymphatics cari\v gi-eater 
weight. One place where the passive transfer and implantation of tumor 
cells can be accepted without reserve is the cranial cavity, where there are 
no lymphatics. Malignant glial tumors shed cells into the ventricles and 
subarachnoid spaceytliroughout which they may be carried by the cerebro- 
spinal fluid and form multiple secondary growths. 

6. Inoculation.— Every surgeon knows the possible danger of transferi'ing 
tumor cells by inoculation into the surrounding tissue in the course of an 


operation for cancer. Instruments and gloves which may have become 
contaminated by cutting into the tumor to obtain tissue for a biopsy are 
not used again. Even the basin of water in which the svwgeon dips his 
gloved hands nmy carry the cells, which can be seen in a centrifuged 
specimen. In one case a carcinoma of the breast was removed and a skin 
flap was taken from the thigh to close the large gap. A few months later 
a nodule having the same structure as the breast cancer developed in the 
sear in the tliigli. Everything had been changed between the two incisions 
with the exception of the contents of the basin which contaminated the 
fresh gloves. (Brairdes el al.) 

Distribution of IMetastases. — From what has been said about methods 
of spre.ad the reader may think that the spread of tumors is well understood. 
This is far from the ease. Every week the pathologist in a large hospital 
encounters examples which he cannot explain. Three carcinomas of the 
•stomach sexan alike in evei-y respect, yet the first will remain localized apart 
rom mvolveiiumt of a few regional lymph nodes, in the second case tiie 
liver may be riddled with tumoi-s, whilst in the third the liver mav 
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es<-apc Imt the brain and other viscera may be tlie site of inetnfv- 
ta<ie«. Kndles>. examples could Ive friven. llieif certainly no relation 
between the size of the primary tumor and the oeenrrenci' of metastav'H. 
Nor is there any nm-SNiiry relation Iwtwecn the number of tumor emboli 
and the iminher of inetnstases. Others as well ns myself have ohM‘r\ct! 
the occasional «isc where the visirra arc filled with tmmmerahle cml)oli 
hut secondary prowths have not developetl. The fate eif the ctnlH)H may 
depend on chemical and metabolic factors. Tlie soil must be ctnisidcrctl 
as well as the sc(k 1. a truth wliieli is sclf<.vident iu the case of tninsplantcxl 
tumors in the o.\j)eriincntal .animal. 

The immunity of skeletal musclc-to inetnstnscs is remarkable. And 
yet when jVsuspchrinn of carcinoma tvlU is iiijcctc<l into the femoral artery 
of an animal there is massive involvement of the muscles of the lep (Ki«cn- 
herp). Injection of the s.amc material into the femond vein R'sults in mas- 
sive tumors only in the limps. Mnlipiumt pliuinas spread only by infiltra- 
tion and implantation; they do not metastasize. Tins is probably due ir> 
nondiiva sioi i of the bloodvessels and to lack <*f any ('omuTlIon between 
tlie j)eri\;jisenlnr lymph spaces and cxtr.i-cranial lymphatics, because* when 
pliomas are iTnjjlauTcd intraperitoncally or Into subcutaneous tissue they 
prow rapidly (Zimmermann). 

Tumor emboli may develop ciuickly, as in the Unic..or-they may die 
out, iva in tl\c muscles, or tUcy.tnay remain after removal <d the primary 
tumor and only hepln to multiply many veiirs later. 'Fhe best e.vnmple of 
a prolonpcd latent period is tliat of melanoma of theeje; nietasta-es may 
develop in tlio liver tw enty years after the primarj tumor has been renun C(l. 

THE CAUSES OF CANCER 

The problem of cancer has hmp been sbrondcil in a tradilional veil of 
my.stery. Indeisl that word occurs in the very first sentcnei* in the di’^us- 
sion on the otiolopy of c.m<tT in previous (sUtions of this hook. (\ P. 
Hhoiiils remarks that it has been viewnsl as a problem tluit can Ih* solvetl 
only h.v theprov idential di«closnreof some s(s*rct of nature as yet unknown. 
To this may he luhksl the words <if IVyton Uous ’‘The tumor problem 
is the last stronithold of met.sphv'.hs 'm nuslieine. Bui it is a stnmphold 
elosriy besiepisl " There i.« a clue to the luvstery of ciuicTr, thoiiph it is a 
clue which nature puanls very je.ilonsiv. 

One of the chief stumhliiip blwks in the wav of a proper isuuvjn of 
ni*oplnsia an<l i:.s cuusjition is the i«lea that eaiiwr is a fli^'a^e entitv like 
tuberculori>. It is rather n proup of di-H-a^es like the inreetit>iis fevers 
w ith multiple etiolopy. Still better, it is a <liM,‘ase process like inflaminatioti 
The inflammatory jiroeess ma\ Ik* eanstsl by u wule variety «>f npents 
(irritants) fueh as streptococci, a forcipn iKnly. ridium ami allerpy .'V> 
al>(t the nwplastie process may Ik* c*au‘<’<l by a witie vsiriety of apents 
(e-.ireinopens), which may be physical, vlicmical. viral and honnonal \Ve 
cannot explain the exact nuvhaniMiJ by which an irritant such as a forcipn 
ImxIv vauscs inflammation, nor can we explain the exact meelianism bv 
wbieb a eareinopen siicli as inetbylebolantbrenc c;ui'><-s cancer, but we ran 
liaranl a puess. 
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lung may penetrate tire wall of a pulmonary vein and thus reach the left 
side of tiie heart and the systemic circulation. It can be shown cxi)eriincnt- 
\ ally that tumor cells readily traverse the pulmonary capillaries, hut it is 
\tumor emboli rather than individual tumor cells which set nj) metastases. 
The filter of the lung is likely to hold up emboli, so that the lungs share 
with the liver pride of place as regards frequency of secondary growths. 
Tumor emboli, however, are not' synonyinpus with^metastases. Tumor 
emboli in the lungs often die out, as'M. B, Schmidt showed many years 
ago. They become coated with fibrin, the cells are not propei’b' impla nted , 
and fail .to.deyelop into tumors. It is the embolus comi)osed i)artly of the 
tumor and partly of thrombus whidi is likely to grow when it becomes 
impacted hi a vessel. 

4. Spread by Natural Passages.— Tumor cells may be carried along such 
passages as the bronchus, bowel and ureter, and it is conceivable that they 
might become implanted on an epithelial surface and form a new growth. 
This might explain the s imultaneous occur rence of the same type of tumor 
in.the renal pelvis and the bladder. It is more probable, however, that the 
ceils have passed down lymphatics in the wall of the tube, or that two 
independent tumors have developed at the same time. 

5. Spread Through Serous Cavities.— This method, known as trans- 
celomic.spreadj is- the explanation given- for- the frequent transfer of cancer 
cells from the stpinach to the ovaries, rectal serosa, etc. Small implanta- 
tions on the peritoneum can often be traced between stomach and ovary. 
There is nothing inherently improbable about this concept, but to the 
writer the arguments in favor of spread along lymphatics carry greater 
weight. One place where the passive transfer and implantation of tumor 
cells can be accepted without reserve is the cranial cavity, Avhere there are 
no lymphatics. iSIalignant glial tumors shed cells into the ventricles and 
subarachnoid spaceytliroughout which they may be carried by the cerebro- 
spinal fluid and form multiple secondary growths. 

6. Inoculation.— Every surgeon knows the possible danger of transferring 
tumor cells by inoculation into the surrounding tissue in the course of an 
operation for cancer. Instruments and gloves which may have become 
contaminated Ijy cutting into the tumor to obtain tissue for a biopsy are 
not used again. Even the basin of water in which the surgeon dips his 
gloved hands may carry the cells, which can be seen in a centrifuged 
specimen. In one case a carcinoma of the breast was removed and a skin 
flap was taken from the thigh to close the large gap. A few months later 
a nodule having the same structure as the breast cancer developed in the 
scar in the thigh. Everything had been changed between the two incisioi\s 
with the exception of the contents of the basin wdiich contaminated the 
fresh gloves. (Brandos ct al.) 


Distribution of IVIetastases. Erom what has been said about methods 
()1 si)road the reader may think that the spread of tumors is well understood. 
Ihis is far iroin the ease. Every week the pathologist in a large hospital 
t'ucounters examples which he cannot explain. Three carcinomas of the 
.stonuK'h seem alike in every respect, yet the first will remain localized apart 
Irom involvement of a few regional lymph nodes, in the second case the 
liver may be riddled with tumors, whilst in the third the liver mav 
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cst-.ipc hut the hrain and otlitT viscera may be the site of inetas- 
tans. Kndhss examples wulci he piven. There is certainly no relation 
between the size of the primary tumor and t!ic occurrence of metastnsos. 
Nor is tliere atiy nm'.ssjiry relation lictwccn the number of tumor emboli 
and the number of inetastases. Others ns well as tnjself have obser\cd 
the occasional case \\hcre the vis«*ra are fillc<! with innumerable cml)oli 
but swuHlary pro^tlis liavc not developed. The fate of the cml>oli may 
depend on chemical an<l metalmlie factors. Tlio soil must be considered 
as ^\ell as the scxhI, a truth which is self-evident in the case of transplantetl 
lumoTs in the ex]>t'r’nnental animal. 

The immunity of sholctal muscle to inetastases is remarkable. .\nd 
yet wbctra'susjjeusion of carcinoma evils i» iiijcctcxl into the femond artery 
of an animal tlierc is massive involvement of the mnsc'les of tlte Icp {Ki<cn- 
berp). Injection of the same material into the femoral xein results In mas- 
sive tumors only in the bmps. Malipiiaiit plioinas spread only by infiltra- 
tiem and implantation; they do not metastasize. This is probably due to 

• • r » t . t , f . ■ • 

■ ■ • • * when 

. * ; ' . ■ ‘ they 

prow rapidly (Zimmermann). 

Tumor emboli may develop q^lldvly, as in tlie liixr«.or tliey .may-ibe 
out, as in the muscles, or tbc.v-may remain after removal of the primary 
tumor and only bepin to multiply many years later. The best example of 
a prolonpcx! latent pori(Kl is that of melanoma of the eye; inetastases may 
licvclnp in the ]\\ er twenty \ ears after the prlinarj' tumor lias been rcrnovocl. 

THE CAUSES OF CANCER 

The problem of cancer has lonp been slirmuhxl in a traditional veil of 
m.vstery. Indeed tlint word occurs in the \cry first sentence in the discus- 
sion on the etiolopy of cantvr in previous editions of this book. C. 1*. 
lUioads remarks that it has been vicwtsl as a pitiblcm that can be solved 
only by the providential di^^closure of some Hvret of nature as yet unknown. 
'r« this may be addcsl the words of IV*\t*»n Ihms “The tumor problem 
is the last strnnpbold of motnphy.sics in incilicinc Hut it is a stnmpliold 
elo«<‘Iy besicRwl.” There w a clue to the mysteiy of ennivr, tliouph it is a 
elue which nature puanls very jealously. 

One of the chief stumhlinp blocks in the way of a proper concept of 
mx»plasia and its causation is the idea that exmeer is a dhease entity like 
tnbcTcu!o''i'«. It is rather a proup of diseases like the infectious fevers 
witli multiple etiolopy. Still liettcr, it is a disease process like innammation. 
The iiiflainmatory proce.ss ma> be caused b\ a wide variety of apents 
(irritants) such as streptococci, a forcicn IkmIv, radium and allcrpy. ?o 
also the neoplastic process ma> be caused b\ a wide \*ariety of agents 
(carcinopens), wbicli may be physical, chemical, \ ira! and hormonal. We 
(“annot exiilain the exact mechanism by which an irritant such as a foreign 
body causes iufiammation, nor can we explain the exact mctlianism by 
which a carcinogen such as mcthjlcholanthrcne causes cancer, hut we can 
hazanl a Rue.ss. 
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Cancer is ai^normal cell growth and cell division, so that a study of its causation 
involves a consideration of this process in the normal coll. In the normal cell 
reproduction by cell division goes on for a limited period and then ceases, wlieroas 
in a malignant cell the process goes on continuously. This is the essence of malig- 
nancy. The real mystery is- why normal growth stops, not wliy malignant growth 
is continuous. The power of the normal cell to divide is not lost. At any time the 
process, now known as repair, may recommence under the stimulus of chemical 
substances released as the result of cell injury. Some cells, such as tiiose of the bone- 
marrow and epidermis, multiply continuously throughout life. 

The Ihdng cell is a seething mass of activity, not the static structure we sec under 
the microscope. This activity is regulated by a multitude of etuymes, and when 
the cell divides the .same enzymes are prc.sent in eacli daughter cell. The cell 
is acted on by various external influences and also by hormones. As a result 
of this action a change may take place in one of the regulating enzymes. This 
physical defect, which is represented ])hysiologically by lack of control, will be 
transmitted to the daughter cells. There is now uncontrolled growth without refer- 
ence to the needs of the organism. 

The enzymes, which are self-perpetuating proteins that regulate all phases of 
cell activity including reinnduction, ajjpeai- to be identical with the genes, those 
Irand-like structures which are distributed along the chromosomal threads. For 
each enzyme in the cell’s metabolism there is one gene in the chromosomes. The 
genes are most easily seen in the giant chromosomes of the salivary gland of the fruit 
fly. Drosophila, where they number from 5,000 to 10,000. The cells of the salivary 
gland in this and other two-winged flies have 1,000 times the volume of ordinary 
cells. Chromosomes are extremely fine threads of nucleoprotein, which during 
mitosis become wound into tight spirals that resemble rods, b\it which uncoil after 
cell division. It is these rod-like structures, not the fine chromosomal threads, 
which are seen by the pathologist in mitotic divi.sion. 

Growth is a nucleoiDrotein business which is completely dependant on the self- 
dui)licating property of the genes and is regulated by the genes. The master control 
lies with nucleic acid, which is conjugated with proteins to form nucleoproteins. 
The nucleoproteins possess the unique property of self-duplication, and are the 
only substances in the body which can do this and do it endlessly. Viruses as well as 
genes are nucleoproteins, and both are distinguished by the power of self-duplication. 

Nucleic acid consists of giant molecules, each with thousands of smaller molecules 
or nucleotides, and each of the nucleotides is made up of a nitrogenous base, linked 
ndth a sugar and phosphoric acid. There are four kinds of nucleotide, each with a 
different nitrogenous base. The nitrogenous base consists of one of two purines and 
one of two pjTimidines. The sugar is of two varieties, ribose and desoxj’ribose. 
There are therefore two t 3 'pes of nucleic acid (and nucleoproteins), ribonucfeic acid 
or RNA and desox.vribonucleic acid or DNA. These are present in all living cells, 
but thej’ hmetion in different parts of the cell, DNA being confined to the chromo- 
somal threads of the nucleus, whilst RNA occurs in the cx’toplasm and the nucleolus. 
Tiic genes arc ])article.s of DNA. Both types of nucleoprotein stain with basic 
dj’cs, but they can be <listinguishcd and their distriimtion in the cell demonstrated 
by two very clifTerent techniques, the Feulgen reaction and selective light absorption. 
The Feulgen reaction gives an intense purple with DNA, but is negative with RNA. 
Both forms of nucleic acid absorb ultraviolet light of a wave length which does not 
afTcct proteins. Microspectroidiotometry with ultraviolet light has been a jiotent 
weapon for the investigation of the luxcleoproteins, especiallv in the hands of 
baspersson. 


I'lie foregoing 
po.ssible nature of 
cell inetabolisin. 


eonsiderations provide the basis for a concept of tlie 
the neojdastic process. Cancer is in essence a change in 
Ihut such a change has occurred is indicated by tlie high 



THE CAVHKH OF VASi'F.K 


rale of aenjWr nn<l fliintTobi'e pli'c'ol.vsbs n'itJj pnxlticti’t 
niuotmts <»f lactic acid (Warlmrjj). 'Jlic niiitcr cell dot's no1 
need oxypen, dcrivinp its cnerpy from plycolysi^. Cultures of 
develop into sarcoma ttlien protvii under partial anerobic coi 
repcatctl cvjutsurc to an ntmosplicre of nitropen (Goldhlatt and 
The rcpid-ilorof the complex mneliincrj* of intracelfuJar en^yni 
tile poverntir t»f the enpine, is nuclcie ocid with its conjupatt 
Tiiere arc prminds for hclief that there is a tlifTerence lietivtT/ 
olie proct'ss for tlic nucleic acid of the chromo'omes |n the 
am! the canecr trll. \Vc know tliat radiations can produce a 
chanpe In a pene hy dainapinp the ehrorno-^mies. If a radiation 
atom of a luoUvnle under the ripht tsmditlons It knock eleei 
it, pnvduemp a physicjd chanpe iti (hat atom and a chcmlca! cIi 
tnokvule. A \irns, which like an cn?..\nie is a pclf-perpeluat 
protein, cstti prtHluce tumors l>y dNriiptinp the normal repulato 
|stn. Genes arc h’nkotJ topetlier hi the chromostimes, memher 
munity wtirkinp for the common pood. A virus, which jH’rhnp« 
pene, is a delathetl solitary particle, an outhiw or lone wolf, 
antisocial in its eihrt, a parasite livinp on the wealtli neciimtd 
penes. Gene mutations limy pive the cel! the [wwer of preatcr n 
and make it hiscnsiliic to normal hihihitori infinencea. 

'I'lie infinitely intricjilc and <lellcately halnnctxl rcpiilatitip ni« 
chroimwmia! penes and enzymes which cmitniis metalioKsm i 
reproduction can he upset in \arii)ns ways. The interference i 
j)cnnanent chanpes or mutations in the pones. If these inii 
sufiicienlly serious they may he lethal .and the cell will die. If 
is such as to jHTmanently spml up the mitotic rate the result w I 
,\ mechaniMU nmis replacement of material ami parts, wl 
livinp or non-Iiiinp. I.ikcwi-«<' the eolf-perpetiiatinp chmmoso 
acid must n-new its pcirts. i r., the two purines and p.'rin 
desoNyr)l«>si‘ and the phosphonV aeM. Il\ tappinp a mnlecide c 
purines .such as adeiiuic. whicli is done hy replacinp an atom of 
t'arhon with it.s nulimietive isotope, it is fiossihle to follow the J 
of csscntwl iiintrrial in the niiclenprntein of tlie chrnmosomi 
fncilitatis! hy spt*«sHup up tlie mitotic rate as <-ati he <lnne h 
twn-thir»lsofn rat sliwrwitl) n'sultinp nct»\e hsperplasiii of th< 
KnowIrrIpc that the repnlatory mechanism of a cell can h 
willi olTer.s a jiotcnf wea|Km for r(“M‘ar<h l>oth in the product 
control of nmlipnnnt neopla'^ia. Just as the reptilator of a wa 
nuu cd to fast or slow. w» mav (he mittitie rate he permanently 
hy earvinopens or returdisl h\ radiation and colchicine As < 
produce daiiphtcr cells after .sivtmi divisions, it is ap 

even aslipht incniiscm the rateand rhythm of cell disision will s 
a tumor. It is possible to prep.ire a synthetic suhstitute for 
adenine, 2, rwUamlnopurme, which the cell will accept hut w 
find poisonous mstr.ad of nutritious. This twhnique has alrt 
siKXfS'-fnl in the cYintro! of transplanted aninml tumors in tis 
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exogenous agents such as radiation, in some cases an endogenous agent 
such as a hormone may he presumed to be a causal factor, whilst in the 
great majority of cases there is no apparent cause, although we can he certain 
that some carcinogen is responsible. In our present state of ignorance it 
seems justifiable to picture carcinogens, whether of external or internal 
origin, as agents which tamper with the composition of the nucleic acid 
regulatory mechanism, producing a self-perpetuating and therefore per- 
manent derangement. 

There is, of course, no one cause of cancer, just as there is no one cause 
of inflammation. Inflammation signifies a flame, a fire, but cancer is also 
a fire which burns continuously. There are many methods of starting a 
fire, some physical, some chemical. So also must there be many methods 
of starting different kinds of cancer and cancer of different organs. -More- 
over, a fire does not necessarily start at one spot ; a match maybe applied in 
several different places. This is true also of cancer. There is no need to 
think of it starting in one cell; it may originate in a number of adjoining 
areas. This is known as the wide field of origin, and is well illustrated in 
Figure 125. 

Exogenous Carcinogens.— Carcinogens acting on the body from without 
may be chemical, physical or viral in nature. Clinical evidence may point 
to the influence of environment, even though no definite agent can be 
incriminated. 

The first observation on chemical carcinogenic agenis was that of Sir 
Percival Pott in 1775, who noticed that cancer of the skin was especially 
common in men who worked with tar and he offered the suggestion that 
the tar acted in some manner as a causal agent. This may be linked with 
the observation that cancer of the lip is especially common among fishermen 
on the west coast of Scotland, who, in mending their nets, put the bone 
needle threaded with tarred twine between their lips. In 1915, that is to 
say one hundred and forty years after Pott’s paper, Yamagiwa in Japan 
put this idea to the test by painting tar on a rabbit’s ear every day for six 
months, and succeeded in producing cancer of the skin. This was an epoch- 
making discovery, because for the first time it was possible to produce a 
malignant tumor at Avill. Subsequent work has shown the mouse to be a 
much more suitable animal than the rabbit. 

Tar is a highly complex substance containing a great variety of chemical 
agents. The next step was to determine the active agent or agents present 
in tar which were responsible for producing the cancer. This step was 
taken by Kennaway and Cook in 1932, when they succeeded in isolating 
the hydroearl)on benzpyrene from tar and showed that it possessed a high 
degree of carcinogenic activity. It was then noticed that benzpyrene gave 
a spectrum with fluorescent light ^•cry similar to that of a group of recently 
SN nthesized hydrocarbons, of which one of the important members is 
1;2;5;G dibenzanthracene. On following up this lead it was at once 
found that the latter substaiice was powerfully carcinogenic, and as it had 
the advantage of being a chemically pure substance of known composition. 
It has becoine the most popular agent in the experimental production of 
cancer. It is interesting to note that 1:2 benzanthracene has practically 
no carcinogenic activity, but the attachment of a new benzene riii" in the 
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.■>.»» pvcsi: pent careinopnic ptmer. A \ery sllsht chnup' in the 

c h«ni«i! ftnirttirc of a sufmarn't' may ctmvcrt it fnnn a noi\HMrcin<»pcnii* 
itito a c-arciiioircnic apnt. Mvlh> WwtairthTei^e is actively c;\Tciuo- 

penic |j\ (Inx-arlxm whicli tlcK-n-cs incnttou l>t*c:ui->c it is an artificiai ct)m- 
pouinl prepaml from cholic achl, an orpnic suhstnntv omirrinp nofurciWw 
in the l)0<ly, thus suppcstinp the pt>s?.ihiluy of :\i\ ciulopnous chemicral 
("jrcinopen. 

Any of these apents can protlnce either carcinoma or s.jrcoma at the site 
of application. If applied to an epithelial surface rarciuoma develops, if 
iiijicttnl bul>eutaneousIy sarcoma is the result. By this means it has been 
j>ossili!e to produce carcinoma of the skin, kidney, liver, testis, bladder, 
and nlvTvis, as well as sarcoma of the svil>cut.\ueous tissue and peritoneum. 
Brain tumors (pliomas) can be produce<l by the ititraeercbral implantation 
of jwllets of metlij-lcholanthrcne. \Mien fibroidasts from the rat or mouse 
are pmum in tissue culture in a medium containinp .a poucrfnl carcinogenic 
chcjnicjd, such as incthylcholanthrenc, they are changed into cells which 
arc similar to the cells in cultures of sarcoma induced by injection of the 
carcinopen into suheutancous tissue (I*!arlc ami Voeplin). 

A carcijiopenic agent c)f extraordinary potency was discovered by ao 
cidcjit in the course of testing the toxicity of a new insecticide, acetyl 
acclixwimdluotiuc. Tins substaute when iinplauted in tlie tissues causes 
jjeitluT infininmathm nor tumors, but when pi\en by montl) to rats It 
produces canwr (»f the liver, pancreas, bresist, bladder, hmg ami salivary 
plaiuls, us well as sarcoma and leukemias (Bielschowsky). 

Mnrrjo and ^YoploIn liavc demonstratwl the interesting fact tlnat a 
tksue may ujiparcntly be malignant before any structural change can he 
delectetl. Tliey tarrwl a mouse for four months; at the end of that period 
the skin showed no change. Tlie epithelium was tiicn removed and trans- 
jilantwl into another animal, and typic-al carcinoma developed. 

When we turn to cancer in man we find inneli evidence in support of 
known external carcinogens, some of which arc chemical and otlicrs physical. 

Workers who come in contact with t.ar products, oils and petroleum are 
H.dile to develop skin cancer. .Wdinedye workers pet cancer of the bladder. 
The active agent Is beta naplithylamine, which causes cancer of the bladder 
in the dog as well as in man, Imt not in the mousi' and rat, because tfie 
mctalKilie imHlnct excreted in the urine by the latter is non-carcinogenif. 
'llns illustrates one of tlie pitfalls of experimental cancer work, because 
what may he harmless for man may lie carcinogenic for the animal and 
vii-e versa. Other carcinogens which might lie either chemical or physif.al 
are the ehoita and the kanpi. Tlie chotta is a cigar which is smoked in 
southern India with the lightc<i end in the mouth. Addicts have a Ingli 
incidence of canevr of the mouth. 'Hie iiati%cs of Knslimir wear a hot 
basket of tiiarcoal, tiic kanpi, under their clothes for purposes of wannth, 
and cimcvr of the abdominal wall is i-oinmon among them, whereas it is 
alnio't utiktiowii amongst otlicr races. Some antlioritics belicNe tliat 
ftalistiftd evulonce shows that heavy cigarette smoking bears a caiKnl 
wnncction to cancer of the lung. Circumcision seems to prevent the 
<!cvelopinciit of cancer of the penis, hy eliminating an nceumnlation of 
oily smegma under the foreskin which apparently acts as a oareitiogcn. 
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Of the 'physical carcinogens the most striking are radiations in their 
various forms. Whole body radiation to the rat is a potent caicinogenic 
agent (Koletsky and Gustafson). Even a single dose of GfiO r is followed by 
a wide variety of benign and malignant tumors of the skin, connective 
tissue and viscera in nearly half the animals, the malignant tumors being 
about evenly divided between sarcoma and carcinoma. The early workers 
with .T-ray developed cancer of the skin of the hand after many years. 
Leukemia, a malignant condition of the blood-forming organs, is an occu- 
pational disease of radiologists. Radium produces the same effect. Girls 
in Newark, New Jersey, who painted the dials of watches with luminous 
radioactive paint developed bone sarcoma owing to the dcj)osit of radio- 
active material in the bones. Anyone who is continually exposed to radia- 
tions, whether he be a shoe salesman or a dweller near an atomic pile, is in 
danger of radiation cancer. As mankind is crossing the threshold into the 
atomic age, there is need for awareness of fresh dangers. It is possible that 
radiations maj’^ act by producing chemical changes with the formation of 
hydroxyl radicles from decomposition of water with depolymerization of 
the nucleic acid molecule and resultant chromosomal damage. The miners 
in Schneeberg and Joachimsthal for centuries have suft’ered from a high 
incidence of cancer of the lung; this is now known to be due to radioactive 
uranium. Actinic light radiation is also carcinogenic, thus explaining the 
high incidence of cancer of the skin and lip amongst the white population 
of the tropics and the southern Ihiited States. This form of cancer is very 
rare in the negro, who is protected by the high melanin content of his skin. 

In many forms of cancer although the causal agent is not known there 
is reason to believe that it is related to environment or occu])ation and there- 
fore should be classed as an external carcinogen. The truth is that through- 
out life we swim in a sea of carcinogens, and it is more by good fortune than 
good management that some of us escape to die from other causes. 

The incidence of different forms of cancer varies greatly in different 
countries and in different parts of the same country. This suggests the 
action of an environmental agent. Thus cancer of the liver, a rare disease 
in most countries, is very common in Java and amongst the Bantus of 
South Africa. This may be due to a deficiency in some element of diet, 
a negative agent (see below), ^^^lat has been called the social grading of 
cancer, i. c., variations in incidence Avith different economic levels, is ob- 
served particularly in those organs Avhich might be exposed to an external 
carcinogen (Fig. 129). This grading is very marked in the alimentary 
cairal, but only aboA'e the pylorus. Cancer of the cerA'ix in Avomen and of 
the lung in men is much more prcA'alent amongst the poorer classes in 
Copenhagen (Ciemmeson). The SurA’^ey of Cancer in London, published 
by the British Empire Cancer Campaign in 1952, sIioaa’s a significant excess 
of cancer of the lip and mouth in general and dock laborers, of cancer of 
the pharj’iix and esophagus in publicans and barmen, of cancer of the skin 
in AAoikcrs in chemicals, pitch and tar, of cancer of the larynx in singers, 
actors mid _clerg\'men. The incidence of cancer of the stomach varies 
gri^tlj in diflerent countries. In Honolulu, Avhich by reason of its isolation 
and its mixture of races may be regarded as a human laboratory for the 
study oi cancer, gastric cancer is far more common amongst the Japanese 
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tlinn nmonest the penoral |x)pulation. Some of t!ie difTercnccs in tljc sex 
iiiridence of cancer may really he due to difTcrcnccs in occupation and 
enviroimu-iit; cancer of the lunc is seven times more common in men and 
c?incer of the esopliapus ten times more coimnon, 

7'rnnwKi is often accusofl of I>einK cxopetions Kireinopenic apent, 
nearly always fals<*!y. No tumor has ever Ix-en pro<Iiicf<l experimentally 
hy a sinple trauma, even in unimalswith a Iiiph esHurr incidentv. Sarcoma 
of hone is often trawl hack to an jintectHlent trauma. Imt if such a Ciiusal 
n-lationship exists it is stranpe that the iunumcrnhle fractures of lH)ne an* 
never follow cxl hy sarcoma. In compcns;ition cas<*9a tnieliistory of tnunna 
prectxlinp the appcarancx* of a tumor is often fortlieoininp. This cjin lx* 
explaiiKxl in two ways. (1) The trauma, hy catisinp pain and hnn^inp. 
draws attention to the presence of n tumor (in the hreast, etc.) previously 
unnotietxl. Ilemorrhape into 
the tumor may cause it to 
swj-ll quickly, and this may 
he follow (mI hy mnrt* rapid 
pn>wth. (2) ('rmicideiu-e, stH*- 
inpthat both injury and tumors 
are so ectmmon. Tiic fmssihiUty 
tliat a traumatic lesion mipht 
form the startinp i>oint of 
canwr cannot he denuxl. hut 
the fact tliat tlie vast majority 
of tra\imntiecan«Tsarc Work- 
men'.s (’ojupensiition es»sos 
pivea food for tlumpht. 

Special monopraph.s have heetj 
dc^oted to tins difTlcult 
suliject. 

an* c.xtcrnal earciiiopens for certain animal ttimors, mostly in 
birds. ,\s a virus is a mass of sedf-propapalinp nuehs)protein, which n*- 
semhles the penes so closely and whose habitat is the interior of the trll. 
this siriiis only natural. It was in 1910 that Peyton Hems first shrmtsl 
that a crll-frix* filtrate of a fijwl Kireoma coeild pnMhitv a new tanner when 
inoculated into an«>(her fowl, 'neeaetixe apent h.is the eharaeteri'ties of a 
virus. Similar apetits haw hevn found in many other im*vnehyma! tumors 
<if hinls, in an adenocarcinoma of the kidne\ in the fnep (Luckf*), and in a 
papilloma of the skin in the wild c<»ttnn-tail nihhit (Shnpe). Tills is a 
henipn tumor, Imt when tin* is injected into the dome‘'lie nd)hit n 
more appressne tumor is pnxluettl which prej<*ntly dewlop*' into a true 
cancer. \Mien this stape is rearhed the aetiw apent c.in no loncer Ijc 
<» htaine<l from the malipnant Ic'-km. with the cells of which it seems to have 
hecxuiie incorporated. 

Hous points out that carciiiopcnic xiniscs differ from chemical carcino- 
pens in a number of ways (U The viniso arc sp^Tifie in their action, each 
protlucinp only one type of prowth. No known chemical caninopen pn>- 
duws only one kind of tumor. (2> Multiplication of the %inis is coterm- 
inous with the prowth of the tumor it produces, whereas the chemical 
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Of the physical carcinogens the most striking arc radiations in their 
various forms. Wliole body radiation to tlic rat is a potent carcinogenic 
agent (Koletsky and Gustafson). Even a single dose of 660 r is followed by 
a wide variety of benign and malignant tumors of the skin, connective 
tissue and viscera in nearly half the animals, the maligniint tumors being 
about evenly divided between sarcoma and carcinoma. The early workers 
with .T-ray developed cancer of the skin of the hand after many years, 
leukemia, a malignant condition of the blood-forming organs, is an occu- 
pational disease of radiologists. Radium produces the same effect. Girls 
in Newark, New Jersey, who painted the dials of watches with luminous 
radioactive paint developed bone sarcoma owing to the deposit of radio- 
active material in the bones. Anyone who is continually exposed to radia- 
tions, whether he be a shoe salesman or a dweller near an atomic pile, is in 
danger of radiation cancer. As mankind is crossing the threshold into the 
atomic age, there is need for awareness of fresh dangers. It is jmssible that 
radiations may act by producing chemical changes with the formation of 
hydroxyl radicles from decomposition of water with depolyinerization of 
the nucleic acid molecule and resultant chromosomal damage. The miners 
in Schneeberg and Joachimsthal for centuries have suffered from a high 
incidence of cancer of the lung; this is now known to be due to radioactive 
uranium. Actinic light radiation is also carcinogenic, thus explaining tlie 
high incidence of cancer of the skin and lip amongst the white population 
of the tropics and the southern United States. This form of cancer is very 
rare in the negro, who is protected by the high melanin content of his skin. 

In many forms of cancer although the causal agent is not known there 
is reason to believe that it is related to environment or occupation and there- 
fore should be classed as an external carcinogen. The truth is that through- 
out life we swim in a sea of cai’cinogens, and it is more by good fortune than 
good management that some of us escape to die from other causes. 

The incidence of different forms of cancer varies greatly in different 
countries and in different parts of the same country. This suggests the 
action of an environmental agent. Tims cancer of the liver, a rare disease 
in most countries, is very common in Java and amongst the Bantus of 
South Africa. This may be due to a deficiency in some element of diet, 
a negative agent (see below), ^^diat has been called the social grading of 
cancer, i. c., variations in ineidenee wdth different economic levels, is ob- 
served particularly in those organs which might be exposed to an external 
carcinogen (Fig. 129). This grading is very marked in the alimentary 
canal, but only above the pylorus. Cancer of the cervix in women and of 
the lung in men is much more prevalent amongst the poorer classes in 
Copenhagen (CIcmmeson). The Survey of Cancer in London, published 
by the British Empire Cancer Campaign in 1952, shows a significant excess 
of cancel of the lip and mouth in general and dock laborers, of cancer of 
the phar\nx and esophagus in publicans and barmen, of cancer of the skin 
in voikers in chemicals, pitch and tar, of cancer of the larynx in singers, 
actors and elergymeu. The incidence of cancer of the stomach varies 
gr(mth m dinerent countries. In Honolulu, which bv reason of its isolation 
and Its mixture of races may be regarded as a human laboratory for the 
study of cancer, gastric cancer is far more common amongst the Japanese 
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than nmonpst the pcnera! p*)piilatjon. Some nf thr diiTcrcnccs in the sex 
ineidence of eancer may really he due to dilTercnccs in omijiation and 
environment; cancer of the lunp is «?%cn times more common in men am! 
I'lineer nf the esophapus ten times more common. 

7Vfn/mfj is often accused of lieinK an exopenous carcinopenic npent, 
nearly always falsely. No tumor 1ms c\cr Inm pn«hicxHl e.Nperimentally 
hy a sinplc trauma, even in animals with a hiph cancer ineidence. Sarcoma 
of hone is often traced hack to an anteceilent trauma, hut if Mich a e:ius.d 
relationship exists it is stranpc that the iiinumerahlc fnictures of Ikjoc are 
never followed hy sarcoma. IncoinpcnsJitioiicasvsii true history of trauma 
prcceilinp the appearante of a tumor is often forthcominp. This can Ik* 
cxplaineil in two ways. (1) The tramn.'i. hy caiisinp pain and hnusinc, 
draws attention to the presence of a tumor (in the hrea<t, etc.) previoudy 
nnnotiewl. Ileinnrrhapc into 
the tumor may cause it to 
>wel! (luirkly, and this may 
he fnlloweil hy more rapid 
pnn\th. (2) ('oiiieitleiK'c, see- 
inp that both injury and tumors 
arc so (•omm*)n. 'Phe possihility 
that a traumatic lesion miplit 
form the sturtinp |>oint of 
cancer Ciinnot he denit><l, hut 
the fact tlmt the vast majority 
of traimmtie cancers arc Work- 
menV f’ompen&ition ea«t's 
gives food f(tr tlKinpht. 

Spt'eial monopraphs have hecn 
devoted to tliis difUcult 
snhject. 

]'iruiis arc external cjircinopens for certain nmm.il tumors, mostly m 
birds. As a virus is a mass of xdf-propapatinp nnehsjprotein, which n** 
scinhles the penes so eloM'ly and whose habitat is the Interior of the cxll. 
this .swms only natural. It was in 1910 tlmt IV\ton Hons first sIkomsI 
tliat a o*ll-friv filtrate of a fowl Niremna could j)n>diiee a new tumor wly” 
iiKKulateil Into aiiotlier fowl, 'nieaetixe apent h.is the eli.inii'teri'tk''*” *' 
virus, .‘similar agents Inn e been found In in.in\ other tm*s< neK% m.d tumors 
c»f birds, in an adenocarcinoma of the kidney in the fn)p (I.uck^). 
p.ipilloma of the skin in the wild wttomtail rabbit (Shoprb „ 

Iwnipn tumor, hut when the \irns is injeete<l into the domestic m > 
more appressive tumor is priMlncixl which pnx’utly dewlops into a 
eanctT. Wlien this stape is rcacliwl the acti'T acent can no 
obtaiuctl from the malignant Icsion.wuh the cells of which it seems 
become inc'orporatod. . , --pcino- 

Hons jKiints out tlmt careinopenic xiniscs ihfTor from ‘ 

pens in a nmnlKT of ways. (1) ilie viruses arc specific |a tneir ac i » 
produriup only one type of prowth. No known chemical 
ibices only one kind of tumor. (2) Multiplication of the virus is . . 
inous with the pnmth of the tumor it produces, whereas the c 
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carcinogen initiates the growth, but may then iic removed without ai?ccting 
the continued growth of the tumor. (3) The chemical carcinogens produce 
tumors in a wide ^'ariety of animals, whereas the viruses only produce 
tumors in the species of animal from which they have originally been 
isolated. 

Bittner’s Avork on the trmisnmsoble milk factor in breast cancer in mice 
has opened a neAV chapter in experimental cancer research. It is Aveil 
known that it is possible to breed a strain of mice AA'ith a high incidence of 
cancer or a strain AA’ith no tejidency to that disease. This AA’as naturally 
regarded as an example of hereditaiw transmission of the disease due to a 
change in the germ plasm. Bittner, howcA’er, found that Avhen ncAA’born 
mice of a high cancer strain AA'ere fostered by mothers of a Ioav cancer strain 
the tumor incidence AA’as greatly reduced. CoiiA'crsely neAvhorn mice of a 
loAv strain AA’hen fostered by mothers of a high strain show’cd an increasefl 
incidence of breast cancer. The factor responsible is eA’identiy extra- 
chromosomal in character, one transmitted in the milk AA’hich can be iso- 
lated and is believed to be a virus. The infected females may or may not 
become cancerous, depending probably on the presence or absence of 
conditioning factors, but in either case they transfer the agent in the milk 
to the progeny, and it can be recovered from the mammary tumor should 
one dcA’elop. It is noAV knoAAUi that the male also can transmit the virus, 
probably in the sperm. The bearing of this Avork on the possibility of a 
human mother AA’ith a family history of breast cancer transmitting it to her 
baby in her milk has not yet been determined. 

Endogenous Carcinogens.— The best examples of this group are the 
sex hormones, but it is possible that other hormones and other organic 
compounds formed in the body as the result of disordered metabolism may 
act as carcinogens. Thus the carcinogenic sterol methylcholanthrcne can 
be produced by the chemist from cholic acid of the bile by a series of proc- 
esses w’hich might well occur in the body. The basic structAAre of the sex 
hormones, the chemical carciiAOgenic hydrocaA’bons, and such sterols as 
cholesterol is fAAndainentally the same, all of them possessing the condensed- 
carbon-ring skeleton knoAvn as the phenanthrene nucleus. 

Entrin acts on the mammary epitheliAUAA, Avhich is lAormally under the 
inhucAAce of ovariaAA stimulation. Lacassagne has shoAvn that if estrin is 
injected froiiA birth ouAA-ards into a strain of mice AA'hich have a natural 
tendency to doA’clop mauAmary cancer the incidence of that tumor is very 
greatly increased, and ca’cia in male mice of the same strain mammary 
cancer can be produced. It is importaiAt to note that in a non-cancerous 
strain the horiiAone is ])OA\’evless to prodiAce caAACcr. ReAuoval of the ovaries 
in mice of a high caiAcer strain AA’ill prcA’cnt the occurrence of spontaneous 
AAiaiAAinarA’ cancer. These facts sviggests the possibility that the hormone 
may be a coiAditioning factor, a eo-careinogen, rather than the essential 
carcinogen itself. Mice cuaa be protected against the Bittner milk factor 
if the OA’aries are remoA’ed in early life so th’at the breast tissvAC does lAOt 
develop. 


It is probable that the male sex hormone plays some part in the genesis 
oi cancer of the prostate. If the testes are remoA’cd in early life the prostate 
fails to develop. In a ease of eaireer of the prostate both the primary tumor 
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and tlic .'■ct'ondary prowtlig slinw iimrU-d n“*trnint of prfmth as t!ir n'suli 
of Kistmtiojj or t)ic adnjjni'tratio?! of e^frin wfijtJi the action of 

atulropcn. 

Dietary Factors.— Very little is known nlKmt this 5iil)jVct, hut (iiie or 
two factors may he .sipniflcant. When dimetlijIamiiioarnlK'nzeiic. an am 
dye know II ns huttcr,,vcllQ\Y.bccaUiuj>fJti color. L» pvcn.l)y.iuoutiLltLrats 
fcsli'ii.n diet of.riq^, cancer of the liver rcKularly develoj)-,. If, however. 
\east or meinhers of tlie \ itaniin U complex an* ad<le<l tii the ritv diet, no 
canexT oc-cur> (Snpiura and Uhnads). 'Hus is the lir>t in»taiur in which 
experiinental cancer has hcxii pre\ enteil hy a dutary constituent , deficiency 
of which nctis! as a conditioning factor. If would seem that the caninopenic 
ehcinical took the place of tin- vitamin in the <fll, therehy up->ettiiiK the 
repulatory mechanism. Choliiu* deficiencj* in rats <ner a jirolonptsl pcricMl 
may result in cancer (Copeland and Salmon). In -KI per cent of such 
animaK carcinoma of the liver dtwcJo/H-d and in .'tS j>cr-«mt carcinoma of 
tlic lunp. In those pixiples (Ikuitiis, .Iavane.sc. Chiiu'.se) with a hiph in- 
cidence of canuT of the liver, the,diet is very low* in vitamins. 

Chronic Irritation.— In the past then* has Ihx'ii no hopey-inan of caiiwr 
apainst which more atones liave Iwxm thrown than that of chronic irritation. 
'I’hc term is so vapne that it is not easy todlsciissU. 'riiere is the occasional 
instamv in wluch cancer l.s prcwlcil hy and asMuiatixI with tlic presence 
of a chronic irritant. 'I'wo examfdes which ilcserve mention are pall stones 
and cancx'r of the pall hladder on the one hand and the ova of hillinrzia and 
caiicrrof the nrinar.v hknldcron the other. It is ineonechahle that thc.«e 
Inert olijtxts wuld “irritate” tlic epithelium .so as to make it lusipla.stic. 
.\n irritant causes inflatnmation. not cancer, hut prolonpwl destruction 
of tissue demands constant replacement of p.*irts, and it is possible tliat 
when this Is continuixl over an e.xtcmUxI jM'riotl the repulatinp mechanism 
may hecome upset with restiltinp nwplasla. Such constant destruction 
and repair wltli coiisetpient uiistahic celltdnr otpnlihrium may ot'cur in 
ul«TS of the inontli, the (onpue and the stomach. 

Heredity.— In the c.xpcrimental aniiiinl hcrcxlity c.in he mntio to play 
an itnjx'rtant part hy selective hretHlinp. Maude Slye and many others 
ha^e 
to ca 
strait 

I'aiKXT rc.se.irch as pure chemicals are for the chemi.st A race of mice can 
he hrcnl all of which will die of cancer of the hreast. liul consideration of 
llittncr's milk factor makes one wonder to what deprex' the examples of 
heixslitary cantx-r in animals are tlue to tnic gene mutations or whether 
they cun he explained hy some cxtrachromosomal transmissablc factor. 

Wlien we etnne to heredity m human canexT it is usually difficult and 
often imiK)sxih!c to he sure of the facts, as we are not dcalinp with pure 
penetic strain>. There are, however, reports of “cancxr families” which 
must he acxx’pted in w Inch cancer appears in every pencralion, and in some 
families every mcmlicr w 111 die of the disease if he Iivx*s Icmp enouph. Two 
of the last examples of timiors showing a hereditary tendency are neuro- 
hlastoma t»f the retina and malignant papillomata of the large howel. 
From the practical standpoint it may he said that the occurrence of an 
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occasional tumor or tumors of dill'crcnt types in a family is of little signifi- 
cance, but that the frequent occurrence of one type of tumor ])oints to a 
strong cancer disposition. 

The age incidciice of cancer is striking, for it occurs at the two ends of 
life. At least 50 per cent of the cases occur after the age of sixty although 
this age group forms only a small fraction of the total population. The 
reason for this is not clear. In families with a marked cancer disposition 
the age of onset is much earlier, as in the family described liy Lescheziner 
where a mother and three daughters died of cancer of the breast at the 
ages of twenty-two, twenty-one, nineteen and fourteen years respectively 
At the other end of life there is a small group of tumors which appear to 
be congenital, being present at birth or developing in early childhood. 
Examples are retinoblastoma, neuroblastoma of the adrenal medulla and 
Wilms’ tumor of the kidney. Other malignant conditions such as glioma 
of the brain, sarcoma of the bone and leukemia may develop cither in 
childhood or adult life. 

tumors in different organs are not common. It almost appears 
as if the development of cancer in one organ conferred a certain immunity 
on the body so that another cancer does not develop. \Mien a cancer has 
been cured this is no longer true, and a new tumor may develop in another 
organ. In this connection it may be noted that the incidence of cancer in 
the two sexes is about the same, in spite of the fact that cancer of the 
breast and uterus are so common in women. The total incidence of cancer 
is about the same in different countries although the incidence in different 
organs may vary widely. An animal which has developed a tar cancer 
cannot develop another as the result of a second tarring, nor can tar cancer 
be induced in an animal with spontaneous cancer. All of these facts suggest 
that some form of immunity may be developed in response to the develop- 
ment of a tumor, which some day might form the basis of a test for cancer. 

The question of spontaneous enre may be considered in connection with 
immunity. i\Iost of the reports in the medical literature should be regarded 
with grave suspicion. Unless biopsy has confirmed the diagnosis of cancer 
the case is worthless. Occasionally, however, the evidence is so well attested 
that to reject it flatly as impossible ajjpears to be unscientific. I have seen 
more than one such case in my own experience. In these rare cases the 
fire seems to burn itself out. 


Transplantation of Tumors. — All of the earlier exj)erimental work on 
cancer was done on transplanted tumors. In the past it was only possible 
to transplant a tumor to another member of the same species, and because 
oi this strict specificity it was not possible to work with human material. 
This obstacle has been overcome in three very different ways. (1) Greene, 
by employing the anterior chamber of the animal's eye, succeeded in trans- 
ferring human cancer to rabbits aiid guinea-pigs. The host animal merely 
acts as a culture medium for the tumor cells of the original animal. (2) 
Tiss\ie resistance can be overcoine by preliminary radiation of the animal 
with destnictioii of the lymjflioid tissue which seems to ])lay some part in 
the immunity mechanism. The same is true if verv voung animals gener- 
ally wtainhngs, are employed. (.3) Green and Wliiteley, followed later bv 
Hoeh-Ligeti and Hsu, roolan and others, found that the administration of 
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forti'^me broke down the ?triet sjx'dficitj, to that transfer of caiuvr miild 
he nnule from nit to motive and from man to inottv. As the result of tin-' 
jin'Hmiiiary tn'atinent theri‘ was none of the cellular roaction annjnil th'‘ 
tninsjilafit uhich U often so rnnrkwi m fhccontnds. Tlic t•ort^^onea})|>^‘ar^ 
to depress iintih(M!y pnvlnction to heterologous antigens in the tnirisp!ant<sl 
tumor, 'i'his may he due to the grtnit rediKtion in the miiniKT of lymplio- 
cites whicli an' known to pr<Khiee nntihoclies, and this nsluetion in turn 
may he c-atiHxl hy inhihition of iintos<^ in the short-liii^l lymphoid cells. 
'J’ln‘ ahiJity to grow Inunaii jnnnT in tin* liilH>riJtnr\ animal .sjaadd pn>ic 
of great value in the experimental investigation of tlii‘ re-tniint of growth 
hy eiiemotlierapeutie and otliiT metliiMl-'. 

Cancer Therapy.— At the pre'cnt time cancer c-sin he tre.itetl elfeetivi-ly 
hy surgical removal or hy radiotlienipy (A*-rays or radium) <ir both. Ihit 
this is only |Kissihle If the tumor is still hKidi/ctl when the iiatient Is first 
MVn hy the doctor. Mnrefuer it is tnijmssibh* lo a\oid the destruetion of 
normal tissue hotli hy the surgism’s knife and hj the e\rn more lethal 
weaixm of ra<!iatioiu The itie.d therai»«*titie agent woidd he one with a 
.st‘leetive action on and nlHnitj for iiialignant trlls whih* le.nitig normal 
tvlh tmtonehed. This may vein to Ik* a vain hope, hut tlie s-ime cotild 
lia\c h(*en '«-u'<! of the ohemotlierapy of bacteria in the tiVsne.s before the 
intniduetion of the sulfotiamides and the iintihioties. 

Careltiogenie suhstamrs which upset the <lelie:ite chromovunal ntiehsv 
protein mechanism ma\ als<i he made to hecarcinolethal. The best known 
e.\ami)le Is radiations which may laitli cjiusi* nntl cure eaneer. hut it Is 
also true of cJjemicvd agents and of \irn>c.s. which are rmliomimctic in that 
they have thi.s ilotihlc action. Wliat Is |H*tent for e\il may .al?o l>e m.’ide 
powerful for g<tnd. 'Plie carcinogenic hydroc.irhons anil evrtain sesicsmis 
such i»s mustard gas and tuirogen mustard may inliihit laitli normal and 
malignant growth. Wc li.ice already veil that an abnormal pri“Cursor c»f 
nucleic acid, 2:(Hliaminopurine. can eaii«e vlcttive injury to enneer evils 
both in tissue culture and in transjd.mtcd tumors In the e\)HTijnental ani- 
mal. ^lany other analogues of adenine have* lasm pn‘p.iretl, and it is not 
too miieli to hope that future progrc*s.s in the ehemotlierap\ of m.dignant 
divase may follow the sjime fruitful line as Ims hern -sfii in the chemo- 
therapy of hacieri.il infla tion 

\’irusrs may be c arcinogcaiie or ccirc'iiiob-tb.il. .‘vime c inises enter cancer 
cells and dc*'troy them rnforlunately all tin* c:uics-n»troj)ie \irusi“s arc 
also neiirntrnpic. they attack the* cs'lN of the cx-ntral ner\ous system as 
well as those of tlie tumor, so that thc-y kill the inoiw as well as the <-;inct'f 
Ihit csmtinucsl growth of a \iniH on a li'sue hy rcjKMtcsl p.is'.ige will 
inenvise its tropism or allinity for that tis'Ue. In this way a c iriis (-.m Ik- 
iraiiusl to ailapt itvlf to cniiciT «-lls and to lov ii.s alViijity for nerve it-lK. 
just as a dog might he triuncs! tc» pn-fer fish to meat The \ iriis of llnssj m 
cncTphalitis. on whieh nimli of the work has Ims-u done, ean 1m- traiinsl hy 
c-oiititiued cnltun- to cure letiki»sis of fowls, a fonn of cancer, in jM-r n-m 
of cavs without injury to the fowl Higgins and Pack rt-{K)rt a «-:ise of 
malignant nu-!.ittoma in which five and ota'-lialf yt-.ers inter\c-iu-il U tw«K-n 
the first and v-coiid grouj> of shin inctastaMss. No >(»!» intrrv.il was «>!►- 
M-rvisl in other c;ivs of this iliv.w. Knf|ujry n'veal«-<i the fac t that 
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tJie patient had received rabies vaccine after being bitten by a dog. Of 
thirty patients witli melanoma treated vith the vaccine eight shoved 
marked regression of the mctastascs. 


THE PATHOLOGICAL DIAGNOSIS OF CANCER 

The recognition, especially the microscopic recognition, of malignancy 
may be very easy, but it may be exceedingly difficult, and the best jnitholo- 
gists will be found to differ in their diagnosis of individual sj^ecimens. Two 
pitfalls may be mentioned at this point; thc.se are carcinoma in situ and 
benign epithelial invasion. 

CflrcIaoTao in situ is a term suggested by Broders for. a condition in which 
thc_ epithelium shows definite evidence of malignancy such as irregularity 
in, size, and shape of the cells, hyperchromatism, etc., but definite invasion 
of the surrounding tissue has not occurred. (Fig. 130). My former associate. 
Dr. William Anderson, has suggested the graphic metaphor of a number 
of wild horses running around in a corral looking for a way to get out. 
^Yhether or not they will inevitably escape, or whether the cells may calm 
down and the condition be reversible, is an important matter on which 
opinions differ. A prccanccro^ts state is one in whieh there are transitional 
stages .between ,the original normal histological picture and a definite 
picture of carcinoma in situ. It is evident that hercoalso there is plenty 
of room for difference of opinion. The term precancerous is also applied, 
more particularly by the clinician, to a c ondition in. which a benign lesion 
subsequently develops into a malignant one with a high degree of fre- 
quency. Examples are nevus of the foot and multiple papillomata of the 
l)owel. Bciiujn epithelial invasion is the converse of carcinoma in situ. 
Here the epitlielium retains, its normal character, but. has penetrated deeply 
into, .the,. underlying- tissue. The best example is seen in the gall-bladder, 
where newly-formed glands m.ay penetrate as far as the serous coat 
without the condition becoming malignant (Fig. ISf). Other examples 
are seen at the edge of a chronic ulcer of the skin or the stomach, and in 
the uterus, ureter and other organs lined by epithelium. 

Biopsy Examination. — A biopsy is the examination of a piece of tissue 
removed during life. The fate of the patient may depend on a correct 
report, because the treatment will be determined by the presence or absence 
of malignancy. In su])erficial lesions where only a portion may be removed 
the section must go deep. A shaving of the surface is worse than useless. 
A frozen section is usually made, so that an immediate rejtort can be given 
to the s\irgcon, to be confirmed later by the more reliable paraffin technique. 
It is in lumps of the I)reast that the biopsy has its greatest use. 

4'umovs of lymph nodes are particularly hard to diagnose by physical 
examination, so that the clinician frequently turns to the pathologist for 
as.sistance. But removal of a lymph node in diseases of the lymphatic 
s.ystem is imich ovenlone. If the physician is in doubt, the pathologist is 
also hkely to l>e m difficulty. Examination of the white cells of the blood 
for fcukeima should never be omitted before subjecting the patient to the 
discomfort and exiiense of a biopsy. On no account should an inguinal 
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Iyiiip!i_iiO(lL’ l)c tukcn> ticcaiisc it so oftcn-slious tlic cliiuipcs of previous 
innainmatiou ^\hicli confuses tlicjuicroscopicjiicturc. 

C}iolo^cal Diagnosis. — i lie patholt>gist reports cancer in a tissue partlv 
from a study of the adN. imt mainly from n consideration of an up'<<*t in tli’e 
n<»rnial liistniogy of tlic part, m ore nart i ctil.irl\ invn>tto n nf <l(rj«T 
ti^ HuesJ jy_timiQr cells. lie_e;nu«l^-Offcr.Jinjopiiiion on-detaeho<l or ex- 
foliated cells. This i3-the.study of c^Ualix£,cjjtolug!J, ^vhicl^.^le{>cuds on 
the faet.tliat.cancer cclklosc the udiicsivciicss or stickincs.s clianictcrislie 
of Mry’jd tflls, and therefore tend to l)e castoff i)r cxfoliatetl from a surface. 
'I'he erlls are conlamed in exudates, bccxctions, wa-shhips, or scrapino. 



The material may he examined in^mears the metluHl w Inch I'apanicohimj 

introducctLinr tite^'^tudy of vndn.il secretion, or it may l)e£o.aj;ulated h\ 
picrie a chl and tny ttnljis hll»1<K,K of tT<M>e as .succ ejtcd'b.v^IIunter .and 
Hff-h-in UuT \'lns7 p.ntholopists find the lattcr-«r cclTLToBIuiJ-nKin’ijn.'re 
convenient mid nluihle. Uy this technic it is i)ossihIe to make a yrrect 
i.*-u M. r-^ncer of the (mix an<l 

‘'s'llsiHTir'trt'aHi (-iiiji-er 
In the study of pleural 
tix’cs and falM- posituc' 

winch ctmnot wen ik* ^nM•M^HSl iieic 
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The Relative Frequency of Tujiors.— Here a few words may be devoted to 
the relative frequency as regards site of malignant tumors. Tiio writer lias found 
it impo^4ble to obtain reliable data as to the frequency of all malignant growths. 
The fi<-urcs of the radiotherapist, the surgeon, the internist, the gynecologist, and 
the pathologist in the autopsy room naturally differ profoundly. Thus cancer of 
the skin, one of the commonest forms of malignant disease, is seldom seen on the 
post-mortem table. The following facts relating to the distribution of cancer 
deaths in Canada are taken from the publications of the Dominion Bureau of 
Statistics for the period 1931-1944. In both men and women cancer of the digestive 
tract is the most common, accounting for 52 per cent of the deatlis. Among women 
the next most frequent sites are the breast (18.8 per cent) anil uterus (1 5.G per cent). 
Among men cancer of the genitourinary sj^stem including the iirostate is second in 
order of importance (16.2 per cent). Cancer of the jirostate alone accounted for 
S.9 ])er cent of male deaths. Other approximate figures arc stomach 23, lung 6, 
rectum 4.5, mouth 4, pancreas 3, esophagus 2, brain 2, skin 2. It is important 
to realize that statistics of this tjqie, based on information in death certificates, 
contain many fallacies. The records of any autopsy department, for instance, 
would show a much higher percentage of cancer of the lung, which in my e.xperience 
heads the list of fatal cancers in individual organs. Regarding total incidence it 
may be said that in a population of 1,000,000 persons apiwoximately 2,300 new 
cases of cancer (excluding the lymphomas) will apj^ear annually. 

Prognosis in Cancer.— It is obviously impossible in such a work as thi.s to enter 
into a detailed discussion of the prognosis of cancer. For one thing methods of 
treatment, iiotii iry surgery and radiation, are so continually imjiroving that what 
may be said today is out of date tomorrow. The important thing for the student 
(o realize is that the prognosis in malignant disease no longer present.s the dark 
picture it used to. Over-all figures are of little value, because the outlook varies so 
enormously in different forms of cancer. Cancer of the skin is a readily curable 
(ii.scase, whereas in some other forms the prognosis is very bad. 

Tlie figures of a cancer clinic in Ontario between the years 1936 and 1945 (Mc- 
Coi mick) may be of interest. In this clinic 38 per cent of all patients seen with cancer 
wcie alive and seemingly well five or more years later. Of the patients treated for 
cure rather tlian merely for [)aIliation (58 per cent) there was a 69.4 per cent five- 
r'car .survival. 


Is Cancer Increasing?— This question, so often asked, is not easy to answer 
wiliiout giving a false impression. Undoiditedly there are many more deaths from 
cancer than there used to be. In Canada in 1901 the cancer death rate was 46.8 
l>er 109,000; in 1921 it had risen to 75 per 100,000, an increase of 62 per cent. But 
in decidmg whether the inci'case is real or ajiparent, such factors as the general age 
of the ])oi)ulation have to be iiorne in mind. The larger the proportion of old people, 
tlie higlier will tlie cancer rate be. The truth appears to be that cancer is increasing 
both actually and relatively because of the great saving of life in the early years. 
It may aUn be said that the cancer rate is an index of the public health organization 
of a country; cancer is the legacy of preventive medicine. In the Vision of Mirza 
Addison describes the ma.sscs of mankind crossing tlie bridge of life which spans 
the nver of death and falling into the dark flood below. In the brid'm there arc 
many tiaqidoors— infantile mortality, typhoid, malaria, .smallpox— through which 
the mmair traveler may drop, but the.se seldom open now. So lav^e numbers 
unuoadi tlie end of the bridge and ilroji through a small number of wide doors, 
> hn .i- .qio])lexy, coronary occlusion and. above all, cancer. 


THE EFFECT OF RADIATION ON TUMORS 

tSx. viU-m of n-raduitiun. whether by roentgen-ray.s or the gLiunu rays c 
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radium. Only tin; fri-iK-nil principles can Ik* iiul)c.ite-<l In n-, hut each kind 
(tf minor and imlmi lumnr& of cacli individual orpin 1 m\c to !><• Mtalail 
separately. The chief methods n5<*d nre: (I) e.xtiTn:d radi.ition (ro<-ntp-ii- 
rays and radium), (2) surfaec application (radium), ami (:») interstiti.d 
radiation (radium). For widcspivad tiialicnnnt processes such as Icmplirn 
sarcoma and leukemia rocntpen-rays provide the more pr.ietical method. 
The use of properly s-crerned gamtim ra>s ntohis iiecro'.i'.. hut jH-rmits the 
specific vdective action of the rays on the* tumor cells. As ('oheell remarks: 
“'riie aim of all modern radiotherapy is to eliminate this imii'eriminate 
caU'itic action, and hy ad<‘quate filtnition and {tratiuateti eviHisiirt* to ad- 
mini-'tcT such doses ns shall have the ninxiiniim de>tructi\c c-tfeet ujion the 
ncsiplastie cells vitli the minimum «>f daiiper to normal tis'in‘s,” 'I'lie 
effects of radiation depend partly on the action on tlie ttimor ivils, j).irtly 
on the action on the tissues. 

1. ICtrrcT OS' tiik Tumou ri.u.s.— The efTec-t tuny he studiisl in tissm* 
cidture or in the body. This effect is tw«»fold: (1) arrest of cell activity, 
and (2) depcncTation and destruction of ec-IN. .Wtively provvinp and divid- 
ing cc'lls are much more .sensitive than onlinary cells. This is expresscsl in 
the “I.au of Ilcrponie .'md'JrilKuideau." that lheradh>-srnsi(iwnc-*snf any 
tissue dejicuds oii its reproduelive activity. The more numen>iis are the 
mitoses, the iimre sensitive is the tissue. It f<»llovvs tlait pr.imikition tis<u<-, 
eud»r.\<tiuc tissue, and undilhTentwtiil rtipidlv divjdinc earners are mo't 
ra<lio*'«ensitive Fartl.d or c<»mpletr depeneration of the cell ocK-urs. The 
nucleus breaks up and underpoes chromatolv-iH, tlie cvtoplnsin hccorms 
pranular nud v acuolated. tlie evil dies and dis.ip}HMrs. It has already heen 
stippestt'd (pape 2.'kl) that radiation interferes with tin* met.ahf>lism of the 
micleoprotelns of the nuclear chromatin, iiixm the activity of whicli eill 
division is defn-udent. 'I’he name of Stranpewavs of (amhridpe must 
always he associates! with the work on tissue culture eif tum«>rs. and (*nnti 
lias made movinp pictures of the csdlular resjH>ns4- to r.idiatiou wlilih for 
drama and thrill ecpial .iiiv poMlmt of IIoIlv-w-<nxl. .\Iaiiv of the evils die a 
sudden death, and eaii he vs*n on the ?<*nvn netuallv to '‘etphHle.” The 
depree of s<*nsitiveness defa'iuls on the |x»siiion of the evil in tin* mitotic 
evfle, the most sensitive' ikthkI 1k-iiip jii't lH*fi>n‘ the eoniineiKvment of 
initosis. ,\n the evils in tlie eiiltuiv are never kllleil. even tlmiipli the- do^* 
larpclv cMvetls the theniivutie limit. Imt the lethal effivt is much preater 
than wmdd at fir-'t sipht npiK-ar When Milxiiltures are m.ule «if tin- ir- 
radiates! lultun* it is foumf th.it the ivniainimr <t lIs have fo-t their jKiwcr 
of n-pnMluctiou. althonph this lo>s inav not Iniiune apparent until the 
( uUure has pasxsl thn'Upli a dozen pem r.itions \s a nNiilt tif this tjelayt'd 
elTivt all the evils ultimatelv die 

Shields Warivu and his as-ociaie-s h.ivt intnKlmvtl a new tivlirile for the 
preiunilion of sevlions. vvliiih wn-ists of fnvrinc and dryinp tin* ti»iie 
follow r<l hy drv cuttinpaml nmuntinp Vsehemie-d fi\aiivj-s and acpi.s.iis 
si>luti<»us are not used, there i' no diffusion of water-sohihle tsimixuim!'. 
lly this methiHl there is a mon- dilaiite prc*srrvatioii of nmleiir details 
Mich as N S 4 vn in livinp (vlls under the phaMSH-imtmsi tnicnwsqK- WTeii 
tumors of nits and miev an* examin«I fi'e minutes after (t)ntaii with 
radio.nttivo iM.toiKs and three hours after external nirliatior,. cvtolo~ic- 
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changes are seen which are not demonstrahle by the usual lucthgd of ju-epa- 
ration. These changes serve to distinguish the radio-seiisitive from the 
radio-resistant cells. In tlie radio-sensitive ceils there is a striking production 
of large intranuclear vacuoles which may rupture the nuclear meml)ranc. 
iSIost of the nuclear membranes are irregular and wrinkled. The radio- 
resistant cells show a very slight degree of similar changes, so that the 
difl'erence is quantitative rather than qualitative. The Feulgen reaction 
shows the desoxyribonucleic acid in the nucleus to be decreased in propor- 
tion to the degree of vacuolization, lladiomimetic chemicals .such as am- 
inopterin which are lethal to tumor cells fail to protluce vacuolization, 
but colchicine causes the same changes as radiation and is, therefore, truly 
mimetic. 

Two types of effect may be obtained, depending on the method used. 
(1) Auiolyik degeneration and softening. This is best seen in anaplastic 
undifferentiated tumors such as lymphosarcoma and Ewing’s tumor of 
bone, but by using appropriate screening a similar eflect may be produced 
in cancer of the mouth, tongue, tonsil, and cervix uteri. (2) Oroieih restraint. 
Resistant tumors such as osteogenic sarcoma of bone when radiated or'cr 
a long period may cease to grow, though failing to disappear. They have 
become quiescent, their malignancy is greatly diminished, and they can 
then he removed surgically with greater safety. 

2. Efi'Ect on the Tissues.— Radiation acts as an irritant and produces 
an inflammatory reaction in the stroma of the tumor and in the surrounding 
tissue. An exudate is formed consisting of serum and cells. The cells arc 
at first polymorphonuclear leucocytes, but these are replaced by lympho- 
cytes, plasma cells, and eosinophils. These cells appear to play some part 
in a defense reaction. The fibroblasts are stimulated to proliferate and lay 
down collagen fibrils, so that a dense fibrosis is the result. Perhaps the 
most important reaction is in the vessels. Both the bloodvessels and 
lymphatics show a marked obliterative endarteritis, with the result that 
the lumen is either greatly narrowed or completely occluded. Thrombosis 
is common. I’he result of these vascular changes is twofold. (1) The lack 
of Iffood supply leads to degeneration in the tumor, and some of the cellular 
changes are due to ischemia rather than to the direct action of the rays. 
(2) The lymphatics and blood channels being closed, embolism is not 
liable to occur, so that the surgeon may safely postpone operating while 
irradiiition is being carried out, and when the tumor is removed there is 
less clianee of embolic spread of cancer cells. 

Tlie part fdayed l\v the tissue reaction explains some of the difficulties 
encountered in tveutinent. A cancer may be radio-sensitive, but when it 
invades bone it Irecomes radio-resistant. Rodent ulcer is a good example 
of this. 'I'lie interstitial reaction is not able to take place in the non-vascular 
dense hone. Cancer of the breast responds rather poorly to radiation, 
because the breast is so rich ui fat, and this tissue with its limited blood 
siqiply seldom shows a marked reaction. 

Radio-Sensitivity.— Tumors vary in their sensitivitv to radiation The 
variation is mamly a„ intrinsic factor, with characteristic radio-sensitivitv 
as a property of each type of tumor cell. As Ralston Paterson remark^, 
intrinsic sensitivity is a characteristic of each “.speeics”-sqnamons eel 
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cnrcinomii, basal col! carcinoma, nclonocnrcinoina, iNTiiplmsarcoma, inola- 
noina, etc. The s<‘ni>itivity remains relatively constant vithin each spe<U“«. 
not \jir\inp such Iiistolopical features ns difrcrmtlalion. niiap!a«ia. 

numlKT of luitf"' '’ » ♦- '!'•*“ w'c~ -»f ..r * 

isanii}<!injth*n' ' ■ ‘ ‘ ■ ■ • ■ . ■ ■ 

plcteiy a^n hiplily.nnaplastic one. It is true that the. more difTerenli.ittHi 
ihe'cvirs and luliilt the typo of tissue, the more radio-resisUint is the. tumor, 
and sic'o \ersa, hut the rate (»f repression is not n reiiijhle imiicatiun of the 
actual Muisitivity of tlie tumor o.'»« trholc. 

Malipnant tuiuors juay he (Ii\i<K'<l acconh'np to their radlosi-nsitisity 
into tlireo main proiips: (I) hiplily nuliosimsitive: lyinphoKtreotna, multi- 
ple ms eloma. lyjuidioepliitlteliomii (transitional-coli carcinoma), embryonal 
C“.ircinornn; (2) moderately radlo.scnsitisc: cnidermoid carcinoma, and the 
less difTorcntiatwl forms of adcnocirdnoina^uphly radioresistant: fjl)n>- 


f>f maerosc'opie shrinhiipe Invirs no clos<* relationship t(» radiocumhility, 
^\ith the sinple exwjition of has:d-cell eareinoma of the skin. “lladii»- 
tynsltive tumors are the ’miracUs’ of nuliation, the sourw of oonmt in the 
ine.\perienee<l radhuherapist. and the prt'.atC't snuret* of rlisiipiviintment 
^^hon apparently brilliant sneo<*sst*s iKH-cune hi <lne cimrse dismal failures" 
(Sir Stanford fade). I{itdjos<-ns{fivity deiHunfs larpely on the prejimnler* 
amv of shnri-li\e<I uiulilferentlattsl (rlUaiid is therefore linkcxl with ana- 
plasia. lladioeiipahility is rclateil nither to dilTerentiat i«m. !‘A en In n(*nnal 
tissues such ns the <vr\ ix uteri radiation may chanpe the extent and tyjK* 
of (HfTerentiatiiin. In malipnant tumors the promotion of difTerentiatlon 
ami w ith it the steriliration of the tumor cells is of preat inii>ortamt*. 

Classification.— Mueh has Ihvu wTitten rcpanlinp the classification of 
tumors and many clnNsificatloiis Imvo Iieen suppesteil. llie mo't nvful 
w orkinp met!u>d is to try to determine tlie tis.sue, the tvjx* cell, from which 
the Umwr nri«e.s'. Tld* way may he e.i.sy or it may l>edinie»h or {nif)»»-.sih}e. 
The nu>n* undifTerentiated and anapl.aMie the tumor, the mon* difhi-nll i^ 
it to rccopni^e the tyjH' <vll. In the <K*s(rijjtion of the \arious fonns of 
tnnnirs some will only he n-ferixn! to; then* arc more conveniently considereil 
In eonneetion s>ilh the orpans fnun which they prow. 

The classificiitlon In he n<iei! is as follows: 


1. ConaM'tlvc*-ti"ue tumors 

nUroma 
IJ|«oma 
MsTtomn 
Cljondroraa 
Oteomi 
Sircoma 
G'oitloma 

^ ^ f 

2. Mu^clo-tiwic liunopi ^ ninWom.voroa 


-1. Inntiretit j 
li. Mali^n.inf< 
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3. Angioma 


Hemangioma 

Lymphangioma 


4. Tumors of hemopoietic tissues 

A. Benign lymphoma 


B. Malignant lymphoma 


5. Pigmented tumors 


Najvus 

Melanoma 


Lymphosarcoma 
Hodgkin's disease 
Leukemia 
Multiple myeloma 


6 . 




Nervous-tissue tumors 


Glioma 

Neuroblastoma 

Retinoblastoma 

Ganglioneuroma 


Eirithelial tumors 

A. Innocent 


Papilloma 

Adenoma 


B. Malignant Carcinoma 


8. S])ecial forms of einthelial tumors 

9. Teratomas 


f Hypernephroma 
i Chorionepithelioma 
[ Adamantinoma 


CONNECTIVE-TISSUE TUMORS 

Innocent Connective-tissue Tumoes 

Fibroma.— The type cell of the fibroma is the fibroblast. It is composed 
of fibrous tissue. The proportion of cells to collagen fibers varies greatly, 
//mr/ Jibromas arc acellular with abundant collagen. Soff fibromas are 
highly, cellular. Of course, there are all grades. 'The more highly cellular 
the tumor, the nearer does it approach to malignancy. It might be thought 
that the fibroma would lie a common tumor. On the contrary, it is quite 
rare in a pure form. 

Gro.s.s Appearance.— The gross appearance is that of an encapsulated 
rounded tumor, firm, white in color, the cut surface being flat and inter- 
sected with glistening bands. MicroscopicaUii jt presents intersecting 
bundles of fibers between which are a varving number of fusiform cells. 
(Fig. 132.) 

Sites. — In the skin there may be hard or,jjnf.t^fibroinas. As the latter 
arise Irom cutaneous nerves they will be considered in connection with 
neurofibromas. Fibromas of /nacon.v mcmbnuics are found in the submucous 
c():it of the stomach and intestines. A^hey often jiroject into the lumen 
anti become pedunculated. TTs-ccraf fibromas occur in the ovary, kidney, 
and other organs, usually remaining quite small. Fibromas growing from 
th(' nasopharynx may attain a large size and threaten the life of the patient. 

I'ibroma of the (ihRomiitfiJ wall is called a desmoid tumor (f/c.vmfw, band or 
fiberi. It grows trum the sheath of the rectus abdominis, and mav attain 
a consid(,uable size and invade the muscle. The muscle fibers enclosed in 
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tho tumor umivrpo n iH*cu1iar cliniipe with llj<* formation of miillimultMin! 
ma-^scs like forcipu IkkIv piant cells. Altoiit S<) jmt cent of the n<riJr 
In women who have iMirnc cliihlrcn. In the nmaliiiiip c;i5cs there is usiially 
a history of trntiinii to the nlKlominnl wall. 

Fibroma «)f nrrrr may he ilivided Into cntaneoiis neurofihroma ami 
neurofihroma of tlie snljcntaneim^ and deefMT ni-i^e trurjks. (1) 'I'ljc 
ciiinnrfim ncuTofihmmo may he shiclc, forininp a firm and often very tender 
nodule in the skin The trimnr arises frtim tlic connwtive-tlssnc >iieath of 
the ner\i-. 

Mtillijik nruriifihriDtwIa constitute thec<in<lition known ns \ori Heeklinp- 
lians<-n's disease, or tnolluscnin fihrostim. There may he Imndrnis of 
tumors. They usuallv pmw fnmi cuianeons nerves ajid fortn s«»ft nmhiles 
in the skiti. hut they Tna\ pmw fr«>ni the <hrp ntr\es am! cranial nci^«*s. 
'Fhc skin is often pipmetitetf in patches. Death is not uncommonly due to 
‘sireomatous chaiipe iu one of the tumors. 
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(2) Xmrn/ihroma of thr ifrejvr wrrwpnm.s fnun the mjIh Jitam'oui nerves 
ami the de<-per trunks. U is niiieli less eoimnon than the entatasms form, 
hut is of imixirt.tnee in lh.it it has a strong temlem \ to Ixsimie malipnant. 
'I'he eonditinn is de.scrihed more fiillv under the headme of \enn»s.irinnn.i 
or Nenropenic i'arcoma. A plrxiform ttrurtinn is a difTiw' o\er-prr»wih of 
the ejidonruriiini of iJje nerves in the siiWnt.imsms li-csne. It is made «ij> 
of coiK-d ami tliiekcneci jn-rve trunks, many of which e;in U* dissi-rtisl out 
'I’he tjsnal site is tlir head ami m'ck 

•VanMeeid. -.\s its name imiimtps. n wntlioina is a vcllnw tumor frnr.t/.o*. 
yellow), and ln< tlio ceaeml ftnjetnre of a fibroma. At len«t three forms 

etin lio distincnidied 

1. .YonfAf farmo, by far llie eomn>one*t vnnety. is rot a re.al tumor Init .a depr.eni- 
tlon of the mu«e)e of the evthd U oeeiirs .as small vellow n'vluW on tl.e eyel.d 
in eMorly persons 

2. .Yoaf/icnon muUif^rs, abo known a- X. dialx'tii-’mirn. in which cr<.ii>s of 
yellow mshiles .are *rattenal ovTr the surfaee of the ls«iy. It is a'^on-nt/si mth a 
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high blood cholesterol (the yellow color is due to cholesterol), and is therefore 
found in diabetes and obstructive jaundice. _ 

3. Large xanthomas are rare tumors which occur in connection with tendon 
sheatlis, and which may resemble giant-cell tumors. 

All of the tumors are of a bright yellow color. They consist of connective-tissue 
cells greatlv distended witli lipoid droplets (cholesterol ester) so that the cell has 
a'pale and foamy appearance. In addition to these "xanthoma cells’' there are 
fibroblasts and foreign .body giant cells. The latter are especially numerous in 
the“sihgle large tumors, and these tumors often contain much blood pigment. In 
some cases a striking feature is the so-called Touton giant cells, which are charac- 
terized by a remarkable ring of nuclei right around the iieriphery of the cell. They 
may be very numerous. I have not met wth them in any other condition. 

In some forms of xanthoma the basis of the condition may be a general disturb- 
ance of lipoid metabolism associated with hyjrercholesterolemia. In others the 
defect may be intracellular, invohdng certain cells of the reticuloendothelial system. 

Lipoma — A lipoma is a tumor composed of fat. It is a common tumor, 
occurring mainly in the subcutaneous tissue of the neck, shoulders, back, 
and buttocks. Occasionally it grows from the mesenteric and retro- 
peritoneal fat, and still more rarely from the submucous coat of the stomach 
and intestine where it may form a polypoid mass. The “diffuse lipoma” of 
the neck is not a neoplasm but a lipomatosis. A lipoma does not waste 
when the rest of the fat wastes in cachectic diseases. 

A lipoma is a soft circumscribed, lobulated, encapsulated tumor, easily 
shelled out. It is not attached to the deep fascia, but the overlying skin 
is often dimpled, owing to fibrous bands passing between it and the tumor. 
The lipoma is a very innocent tumor, but retroperitoneal and perirenal 
lipomas may rarely contain embryonic portions which grow rapidly and 
iiifiltrate. lliese tumors are called liposarcomas. 

Myxoma.— A myxoma is a. connective-tissue tumor with the structure of umbil- 
ical cord. It very rarely occurs as a pure tumor, bvit m ucoid or myxomatous de- 
generation .is common in connective-tissue tumors, both innocent and malignant. 
The ap])earance of myxomatous degeneration in what appears to be an innocent 
connective-tissue tumor is always suggestive of a malignant change. A definite 
sarcoma showing myxomatous tissue is called a »i!/j:osarcoina. The im'croscopfc 
apjjearance is that of Wharton’s jelly in the umbilical cord. Branched connective- 
tissue cells are scattered through a jelly-like or mucoid matrix. This material can 
be stained with mucicarmine. 


Chondroma.— A- chondroma is a tumor composed of cartilage. It is 
hard, ])luish-gray in color, and translucent like normal hyaline cartilage. 
This, and the fact that it is well lobulated and so encapsulated tliat it is 
readily sbelled out, make recognition easy, Microscopicallr- it differs from 
normal liyaline cartilage in that the cells are arranged singly instead of in 
groups. (Fig. 183.) Being nou-vascular it is very liable to mxxomatous 
degeneration. It often becomes calcified. It grows from the ends of long 
bones m young persons, originating from the epiphyseal curtilage. Mdien 
The lione stops growing, the tumor also ceases to grow and becomes calcified 
or '^’s-^died. 1 liese tumors also grow from the bones of the hands and feet 
and from flat hones like the sternum and pelvis. The latter muv attain a 
great size, and sarcomatous change is common. 


co.\\\r.rTirK-T!iiiiVi: ti’mohs 2:)1 

Cnrtilnpf Is foiuul ni (if\fl(>pincntjil tuiiKirs of the 

nnd in inixwl tiiniore of tlic s-divary glands. 'Hicm' slinuld not Ik? onllitl 
cliondromas. Multiple tliondrtmias (multiple airtilapinous exo>to'-c>) will 
be consuiemi in relation to *!i«<.*:ises of Ixuic. 

Osteoma.— New fonnatious of Ixinc are common (calliH of fraeturt-s, 
exo-itow's, etc.), Imt true osteomas, like tnic fibromas, arc comp.arativtIy 
njtt*. 1'Jje roncrlhv.f ntifoma is made »j> of canccJJons itone. It tiricrin.itc^ 
from tlic epip!iys('al csirtllape a cluimlnima, and ibnupli converteil into 
l)onc a oip «)f cjirtihipe covers tbe prowinp tip. As the Ixmi' prow s in Icnptli 
tlie_iunu)r becomes separated from tbe cpiph\.se:il Jitte. A siihiinruml 
fjaTfoTi.T is a esineellous osteoma wliich prows from tlie diirs.il surface of 
tlic terminal pli:ilan.x of tlic bip toe. 

Itforc'estlie nail up and c:uix.*Nmutli 
pain. A antijtorl wfeoHJ«,nl>ocall«l 
an ivory exostosis beeatiM* of jtslianb 
ness.pnmsfnantbevaultoftlicskull. 

It is a sessile tumor winch may press 
on the lirain or invade t!ie orliit. 


Maliokast Co\NtxmvF/-Ti‘»un 

'rfMoiw 

Sarcoma.— A s;ircoina U a malip- 
nant tumor of csuuiei-tive iismh*. U 
forms a lafpo beteropeiUHins group, 
tlie limits of wbTcIi should Ik* pn^jitly 
narrowi-d. Many tumors art* <alle«l 
s'lrconut altlioucli thei are not <tm- 
nective-tissue tumors nor d*» they 
bcbiiN e like them, .'sueh are I\ mpho* 
sanKiinas, melanntie siirtxnna. m>«>- 
Kireoma. None of these W’ill be ts»n- 
sidereil here, and where iKtssible the 
names shouM Ik? ch.uipetl If i> not 
always realizetl by tbe student onn- 
mencinp tbe stud\ of patliolopc that 
earcinom.i is an infinitely more com- 
mon malipnant tnnuir than sircinna 

McUOSCNCV.— The ni.i!ipii.ane>’ «*f .sarcom.i \arirs eiinrniousl\, lliis 
adds to thcdifnenItit*sof micTo-teopK iliatrno'is. lln* mure malipnant forms 
are easily n'copnirctl ns such, but ns we a})pro.aeh the diAidinp line we 
cneounter n picture wliich on the one h.nul may rtwmhle a cellul.ir fihnaii.i 
and on the other han<l p*:inuI.itio>i tis'uc. <)nl\ lnnp exia-rience will pi\e 
lhepatholopi«t tlicbrlinp that a legion Knuilipiiant. a fee linp wine !i he ma> 
find difilcult to justify in won)'*. With rej»eatisl r«nio\a! of a nxajirinp 
tumor the hi'^tolopical picture may .iltcT inarkcsily for the worse. 

,lp;»fi7ronfr.— The wrconiat \arj prr.atl.\ that no peneral 
description c:in cover the poup, Imt the} have trrtam iK)ints in lomiaon 
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A typical sarcoma has a fleshy appearance (sark, flesh). It_ forms a Inilky 
mass which is more sharply demarcated from the surrounding tissue than 
is a carcinoma. The more cellular forms ma^\ lesemhle the white m<ittca of 
the brain. The tumor varies much in consistence, but it is often soft lilce 
the brain. The. cut surface is homogeneous,. and this is one of its chief 
characteristics. But degenerations arc connnon, and these may interfere 
w'ith the homogeneous character of the tumor. The growth of the, tuinor 
may outstrip its blood supply, with the result that a species of infarction 
occurs. Necrosis, mucoid or myxomatous softening, and actual liquefaction 
are frequent. The most common of these changes is hemorrhage from the 
abundant and \'ery thin-walled blood r'essels. 

Microscopic Appearance.— The, hss differentiated forms are highly cellu- 
lar and thc.s.trpma may be so scanty as to be.indistinguishable. The.nrpre 
differentia tiqiq the more .abundant and characteristic does the stroma 
become. Thusln" the osteosarcoma there is osteoid tissue or bone between 
the cells. The general histological arrangement of a sarcoma differs 
fundamentally from that of a carcinoma in the same way that connective 
tissue differs from epithelium. The cells,.Qf.a .carcinoma. are arranged in 
groups separated by a stroma, but the stroma does not penetrate between 
the indi\ idual. cells of the group. This is called an alveolar. arrangement, 
and resembles that of the epithelium from which the tuinor arises. In a 
sarcoma, on the other hand, there is no alveolar grouping; the cells are 
uniformly distributed, and are separated by a stroma. Tliis.may.he very 
abundant as in bone sarcoma, or it may be so fine that it requires special 
staining methods tdlirihg'it biit. Sarcpina cells have other mesoblastic 
ch aract eristics. They tend to have poorly, defined borders compared with 
carcmoma„.cells, and extensions of the cytoplasm form an intercellular 
matrix. Numerous b lood ve ssels, often mere . capillaries or .sinusoids, 
penetrate the tumor, whereas in carcinoma the vessels are confined to the 
regular stroma which separates the groups of cells. Thus necrosis is more 
apt to occur in carcinoma, as the growth of cells outstrips that of the 
vessels. Sarcoma grows c.xpansivcly on this .vascular framework, and it is 
sinall .wonder that hemorrhages are frequent. Carcinoma tends to grow 
rather by. infiltration, hlitotic figures are significant iih mesenchymal 
tu mors , blit much lc.s.s.so.in epithelial tumors; they are often seen in in- 
flamed and irritated c\)idermis. ' ' ' 

The type cell may be the fi brob last. tbe,.pstcoblast, the cartilage cell, etc. 
In the most undifferentiated forms the type cell cannot be recognized. 
INlany of tlu'se tumors are polymorphic, showing a varicty.of cells, hlitotic 
figures are very mimerous in the rapidly growing. sarcomas, scanty in the 
slowly growing ones. Their presence is of great value in the difVorcutiation 
Irom a cellular fibroma, hut it must be remembered that mitotic figures may 
1 k‘ present in rapidly growing granulation tissue. I'muov giant cells form a 
feature of some highly malignant sarcomas. If the tumor becomes infected 
the grant cells may pbugoeytose many of the leiicocvtes, a rare occurrence. 
h>4.) 

Si'm„u>.-A sarcoma grows (’.rpatmrrip so a.s to form a Inilkv mass, 
but it iilso^ the surrounding tissue. The rate of growth varies 

gi catl\ . I nsucccssfiil (incomplete) operative interference is often followed 
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l>y II prvat.iiiwa-<'jn.tlH:.rnl»M>f cmwtii. A capidly.pru^ul^:^^rwmr^ ma\ 
N)jiiriimt:i-t)uutri{)jts IjW ‘■uiyjly, mi Uial the tumor may !inltjm.J,rM-fi 
r(•tr^'JIr^“^s. Infihr,itiyjuu{ the MimuitHlin? th^tir ornir^. 'riu> ttiiimr trlU 
i rit-p, itlonc tlie fiinnul-pliiimr Uiu-mi tin* imi-k-h* filMTs. -through iJic 
Hami'inn canals of lnuiu, etc. ChUnp to this ti-mleiKr removal iiJil.eJy 
l♦»4»^rinmmplet(' nnd TTnirrrmi‘ is.vory auumon. 

Di.ifattl ffirKu! takes platv by the M i^kI v e.-.s<k. The are s,) 

nhi imiaiit u m l m* the>‘ircoma tvlls m readily inv;ulti.them 

that early hliaid dis-scinination Lsuiovitabic. M ptn«ttjo.« -Hnp»*flr^f furmeil in 
the Itiiips, but thejmuor tt-lU may p-i^'tjliroiiphjhe hmp.s to any of the 
\iscrra. (h\inp to thl5ear]ii?prL*adthcluiip-ifchouId In; ViHrnlRen-rayed for 
metastases e\eu in uhat. upi>ear. to In* the most ojH.T»hlc of sar\n.mns. 
Spread by fyti^i.^tiraUuDhlCDmmou.iiutliuay occurjji.fmm to 1(1 p. r 

<rnt of eases. ' 

'I'he mV* of a saretuna an* \nrh'<l, 
si iKe (-omieetKe .t issue occurs 


Jif.tJie,lMMl\ . Tliey 
e.siK-eially eommon in luuu*. suK- 
cnta ntsu istissiie^ hi'.cj.uptiiljim^ele. 

'I'wo methods may he tiMsl m the 
classifii-ation of the sin'inna. The 
first i' eytolopical. the M-<-on<l Idsto. 
lopical. in the first the tissue is 
name<l aet'ordinp to the fijm t,f eell 

"hicli predominates, m, th;it wchave 

iirpuiulccilfamalluiidl.iri'etsan'oma, 
a spiiidfiM-cll tMiiail.antl lar«ej s;»r- 
eomif. a inixe<f«<vl( siretnua. and a 
trl antMvll N iffomii. 'I'hls 'mellu^il is 
the refuRc of the destituti*. and 
should he avoide<l to the utmost of 
juie'sahility. In thes<‘eond orhisto. 
lopind methotl the imnor is tiami'il 
aeeordinc to the tvjn* of ixmiieettNe 
tissue fnttn which it arises, pn that 
we have a ri hrosa reoma, Q'^ttsis.ir- 

voma^Uion.dn^strijmvjij, jrt* , 

is the on ly s itisfac tory mei hoii. 

hilt if clilh reiitiation lias not cone sullieiently far it may not ln“ {xt- 
'lliUtdcrsUlialtiisucdioften inonTliaratteristictliantheivIlsiifthet 
I. r.. it may he osmhuis, eartilacinous. coUnRepous, fte 
'nisTOU>drc\L''I'\TV>>'ot’ — I. /'ifirtMrtffYuan.— ’niisi'ia ?piiidl<- 

ei'll siTcoma, the tyiie cell In'inp the fihroWafl. (Fis. hlo.i It i< not rvallv 
a common tumor, as u«<si to In* thought. Many malignant eomnxiiMs- 
ti«<ue tumors fonuerl.\ ri'Ranhs! as filinisart-omas an- now know^ ‘-• 
neumpenie in oripin, arisiiip fn>m iHTipheni! uerxa-s. 'Jlu- <-eIls are f' ^ 
and m.iv he small or larpe. tlie latter Ininp tlie mere ruah’ctiaiit 
the pn>ss an<l the microMxipie featiin's vniy- ijiuth.di |>eo‘hMi: en 
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of anaplasia. In the anaplastic forms the tumor may be very soft, and the 
cells may be so slightly fusiform that the non-committal name of round- 
cell sarcoma is applied. The stroma varies. It may be very scant\, or 
abundant fibrils may be formed so that it may be difficult to distinguish 
the tumor from a soft fibroma. The presence of mitotic figures is one of the 
most valuable points. Its behavior is that of a sarcoma of varying degrees 
of malignancy. 



Fig. 135.— Fibrosarcoma. The cells are large and fusiform. X 1000. 



Fig. 136.— Neurogenic .sarcoma, showing the fasciculated arrangement. X 300. 


2. A rarosa rcu/afi {^^curogenic Sarcoma ). — The term neurogenic sarcoma 
was introduced by Ewing to designate a type of spindle-cell tumor which 
was sujijjosed to arise from deeply situated peripheral nerves. This 
concept has become generally accepted to such a degree that the great 
muiority of filirosarcomas are now regarded as of neurogenic origin. This 
touocpt has licen vigorously attacked by btout, who points out that no 
prool exists of the origin of these tumors from nerve fibers, a view with 
rvhieh the w litei is in ugrecineat. llie histological feature which is taken 
as an ludieation of neurogenic origin is a tendenev for the tumor eells to 
run m interlaeiug bumlles or fasciculi. 



coxsFcrn'r^Ttssi’f: ti’moi:s 


At firit tlie iKuroKcnic sarctmia h UK‘a!i7i‘<i, Imt «hli prtmtli 

nii<! c^ptTially on nrurrinp it innitnitc< tin* Mirrnundinp 1*|if 

intrn)scoi)ic np|K‘aranix* in pomTal that of a fihros-im)tna. Imt tlic- rlon* 
paled trils nrc’ nrranpitl In charactcri'Jtic inlertwlninp Imndlcr*. fa‘<-iciili 
an<! ^^lllJr!s. (Tip. The ni)iH*ar.uicf Mipp(*'t}* the nrnn»prnic nripin, 
Imt it I^a^ Im \ er>’ diflieiilt to detennim* the quo'^tion f>f inalipnaney. It i« 
hiplily radlo-rexi'.tant, a i)oiut f>f some \'ahie in ililTerentia! diapnod'?. 

O.ftrn^arrotiKi (0^hi>;iinirSam»fiia).—'ll\i',i-nixwo[ the* nlll^t ini{>ortant 
and eonimnn forms of sarcsmiti. The ty|>e ti*ll Is the ii'ti-ohl.f«t. Imt it is 
In the itjtercvlliilar snhstance (lame, tiirlilape) that it i-. m*nt readily 
rteopni/ed. It is ceitishleitsl topetheruhli other hone tumors in Chapter:! j. 

•1. Cli'iuiIru*iirrfniin.—\ chondmiim way ^ho\\ e\iderKr of mallptianey 
(rapid prouth, irrepnlarit\ in t!»e s|7e and ^hape of the trlls. miliw.s), anil 
is then knemn as a cInmdrosarcoma. (Up. i:57.) It ari-^s fntm a Imne, 



I'JO. 137.— Chondro^nreoms OronurrejaiUritv in ureef «•!!«. Cominreirith Tio 133 
tvjiich lia« wme mscnifiaiiion X 2tl> 

often the sternum or pel\is, may attain a hiip«* size, and invades the hlornl 
vessels e.'Uisinp puhnonarv met<ista'<*s. The distinction l)etv\c<-n a einm- 
drtmia ami chondrosarcnmia in.av lx* very dilTinilt. and the patholopint 
may have to ileix-nd on the ilinieni <smrM* ami the pn»ss apiH-.inimv 
(inva'^ion, etc.) rather than on the iniiniscopic pietim* M.vxomalmis de- 
peneration slamhl anmse suspieion 

/.i/Kv»fjrroiria.~Tlns tumor is hv no iiuans si» rare as is coimiionly 
MjpiMisetl ; it is easilv mjs.seti. esjHS'iallv if fat stains are not usssl. It may 
omir wherever there is fat, Imt is eoininom'st in inttnmwidar tissue, 
anmml joint.s, and in the retrojHTitone:d and perin-na! n*pions. .\t first 
eneapsul.vtcsl. it tends to recur aftcT nmioval an<l then Ixnsmii's inf’lintinp, 
Ml that the pnipnosis is had. The micnisstijiie picture varies, in dilTirent 
eases, and then* inav In- a most confusinp variation in a sinple tumor, llic 
ommion cells are spindle cells and larpe |xilv!iei!ral crlU. tlierviopl.t'in is 
pranular and may or mav not cswtnin f.it, I»est shown, of cmirM*. hv means 
of fat stains. The p.de, swollen, jkiMuxIriI ndls wav n^xmihle rpithf li.al 

• ■ 
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cells (Fip. 13S) and thus sn^^gcst secondary renal carcinoma (hypernc])h- 
roma), a mistake especially likely to occur when the tumor is m l)f)nc. 
Cells resembling fetal fat cells may be present, and tumor giant cells are 
not uncommon. 



Fig. 138. — Lipo.sarcoma. Some cells li.avc gniniilar cyloplnsm, olher.s nro filled xvitli 

tat. X 510. 



Fig. 139.— Myxosarcoma. X 350. 


>. - /i/.m.v((rc(»aii.~Tlus is not a real grouji, but merelv a mucoid or mvxo- 
mutous .iegeneralu.n of a sarcoma. (Fig. U’,'.).) 'Phe' term is useful ‘if it 

^er\es u. suggest the umimms character of myxomatous change in a 
connect ive-t issue tumor. 



MUSCLE-TISSVi: TUMORS 


Cnoniwiu.— TJiis tumor ari'^.'s from reiimants of the notoclionl, a structure of 
hjT>obb«tic oriein. It occurs at the upper and lottcreuda of the lertcbral column. 
Iwcau'c the notochord is cnc!o«otl in the I)odie« of the permanent vertebra*. At tlic 
Upper end it grows between the pituilaij* fo>sa and the for.imcn nngnuin, njule at 
the lower end it occurs in the saero-coccypcal region. It is n \Try rare tumor of 
rather low malignancy whiehspreadsby infiltration, and only in the end staecs docs 
it form metasbiscs. The tumor, which may reach a Lirge sire, is elastic in ron«i«t- 
ence, and shows numerous arras of tran-Iueent chnrrhl tissue .sep.sratcfj by patches 
of liemorrhage. .Mirrovopiralli/ it eonsbts of Lut'c cle*ir cells closclj* packed to- 
gether without any intercellular sulManec Tlic <o!U are distended w ith mut inotis 
material, •s) that the tumor may !« mistaken for .1 tmji-old rarcinnma. - Tlic cy- 
topl.isni, boweier, has a vaejjohfed apfK^arance which js xerv rlnrarteristiV 
(Fig 140.) 

MUSCLE-TISSUE TUMORS 

Just ab there are t^U) t\IK‘^ of iniiv.lc, 
plain and striatctl, so there are two ftirins 
of in.\oin!i or tumors arising from iniwlc 
evils. These are the leiomyoma and the 
rhahdomyoma. To the«e a third form, 
the myoblastoma, must ho addc<l 
Leiomyoma.— The leiomyoma f/e/ot, 
smooth) is nn innoeviit tumor of plain 
m«.sclc. It is extremely common in the 
utenis, so much so as to constitute the 
wmnioiicst tumorin the body. Thes{«via] 
characters of myomata of the uterus will 
he considered in cvimc'ction with div^'cs 
of that organ. Leiom.c omata are curiou-.!y 
rare in other parts oftlie body whkh etm- 
tain plain muscle. They may ocxur in 
the ovary, tubes, and broad lic.itnriit. in 
the alimentary canal where the\ often 
form polypoid masses whieli propvt into 
the lumen, and in the bladder and un*ter-< 

The mu'.ciilar walls of the bl<«K! %e>sels 
are immiiiie. 

The pru.« a/)j>nimn(/' reM’mbles that of a fihnun.i The tuiimr ma\ In* 
of any si7.e, from the very small to the very large. It is hard or at le.i^l 
firm, well encapsulatwl and easily n'mo\«-<l The eut snrfaee prx‘scnts a 
eharacteristic'idly whorled appearamT*. due to interJaeing himdle> of fibers 
eut in various pl.ines. Degenerative changes are ivmmon, «iu h a« h\ aline 
and muctiid degeneration, sfiftening, and sometimes tvmpirte c-.ilcifiration 
so that tlie tumor is i-onverted into a mass of stone. 

.l/iVrf.'niprV'db' tlie h-if>m\om.t consists of interlacing bmidles of plain 
mii-cle I'!'. >• . '> I'.u' ti * 1 x.irnng amount «»f fihnnis tissue. 'Hie cells 

I . i of a spindIcMvU saretuna by the long 

‘ - »>' mitfjses. (Fig. 141.) 



Fio no — Clionlomn Tbe 
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Owisionaliy.n purt of the Unnor may become /ind is then 

c:j11wI a tualujnnnt intjonin nr /ffi!)/Hyo.«rtra>mff. 'Hu* miclci are Inrpcr, the 
-cells more ncti\c>l(Kikhip, atul mitotic figures can be seen. These tumors 
seldom give rise to inetastiist*3, and may not recur after removal, so that 
they are usually not highly tnalignaut. 

Ruaudomyoxh.— The rhalxloniyonia is a tumor of «trbted mii<c!c ( rhtbdot , a 
otrij^e). It i-- riiriously rare, irulerd PTtrrmclr <= 0 . Xnr h it found nherc if might 
Ik? e\}KHlc(I, i. f., in voluntary mu«ele, A pure rlialKloinyonja i« tlie rarest of all, 
iK-ing pmrlieally fonfinetl to the heart. .Stri-ifod inu*c!e h fount! in cmhrj-om! 
tuniors of the kidney, of the vagin-iof children, am! of the te-tiele. In tfiev' tumor? 
the inuM-lo is mingletl w itli other tbeue<. Only ‘kiiho of the rclU are rros.-c-.triatet!. 
Thc<e mixed tumors arc hinhly nvilignant an«l mctashiMie hv the hl<KHl etresm. 
(Fig. 142.) 

MioiiM.sToMA.~Tiii« tumor t>{ ••trufetl nm»eJe n:i< first dtsrrilirtJ in twit 
50 ca-^ were re}>ortotl in tlie next eight yc-.irs T!ie common Mto .ire the tongue, 
larynx anti skin, hut it has .also liecn founti in the Up, iijiftcr jsirt of esophagus, .ami 
leg. It consists of |)olygonal cells with ch.arac(eristic highly granuLir fi’topLjsm 
In addition there may l>c ribbondike syncytial mas'cs with granukar cjdoplasm. 
Xo (•ros>-‘'tri.itions are •<'en. It is ojtcn to doubt if these tumors really arte from 
liriniituo mvoblasts, a® is generally liolievcti, for they may occur in sites devoid of 
striate<l musf le. Moreover they urcessenthllv l>cnign, wliereris tnic differentiate?! 
rhalKlomyoblastomas are highly nulign.mt. IVt and Cii-ter present exddcnee 
suggesting that thc'C tumors arc <lcn%'e<l from ncrxcnand not from skeletal muscle 
The lesions contain coneentrie ma'S*^ of granulir tumor cells arrangetl around 
bumlles of .axis e.xhmlers with wluit appear to l)c fmye<l nerve sheaths at the 
{leriphery. (Fig 143.) 


ANGIOMA 

An nngiojua Isa tumor compo'AxI cither of McmmI xc&sels or lymphatiw. 
The former is called a hemangioma, tlie latttr a lymphangioma. ’Hie 
liem.ingioma is tmieh the mort‘ common, and U commonly n-ferrtxl to ns an 
angioma, the term Ixmph.ingunna Uung n.'5crx«xl for the lymphatic tyjK* 

Hemangioma. — .\ hemangioma L> a new forui.ition .of hlood \-csscK. 

It may he dinicult to distinguish thi> from tclangiixtaMN, whith mervlv 
a dilatation of prux iotbI.v cxistinf: x 'JVo types are entoiniterw]. the 

capillary and the cavernous. The fonner much the commoner. 

Cxi’iLL.AUV Angioma.— This consists of a nctxx<irk of new-formed capil- 
laries fillcxl x\ith blood. (Fig. 144.) Thcucoplasm affixtjvonlx one segment 
of n vessel, from wliicli buds of cndotlielium groxv out and form new x'csscls. 
Tlicrc is therefore a more or less close?! sxstcin of xcs-cls. not a dilatation 
of all the ves.'-cls of the part. Tlic capillaries appear to nrisc^ from a rudi- 
ment dcstiiie<I to form IiIchxI \ c>sc/s, and thus form a rn.issx?hich is tosrmic 
extent withdrawn from the general circukition. ss> that an> hemorrhage 
wliich may occur from it is not ncces.'>arilv severe Sucli n system may lx* 
obliterated by making use of the well-known action of radiation on vascular 
endothcliumlby which nn obliterating endarteritis i.>< pnxluctri. Tin* 
endothelial cell's arc large and swollen and max l»e scxcra! lasers in dejith. 
(Plate VI.) Endothelial proliferation may I>e f/i marke<l that the lumen of 
the \csiH-ls is occludetl. and solid masses of cells arx* fonmxl .<uch n cyi- /■ 
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ditioii is often called a hvmmniio-cmlothchoma or simply an endothelioma 
for the tumor may appear to he solid and show little e^ idenee of \ <\s( \ilai 
lumen. The new -formed cells may have a whorled arrangement. ^ 

The common site is the skin, where the angioma, forms a bright red, 
sharply-defined patch level with the surface. It is a congenital condition, 
usually present at birth, and it may extend so as to cover a large surface. 
The skui of the face and head is the usual site, but it may occur on any 
part of the body. On the face it often follows the distribution of the fifth 
cranial nerve and remains strictly unilateral. These skin angiomas arc 
known as port-wine stains, birtli-marks, etc. Capillary angiomas also 
occur in the mucous membranes of the nose, lip, tongue, gum and rectum 
in all of which sites they may be a cause of troublesome hemorrhage. They 
form soft purplish-red patches which are easily recognized. In the tongue 
they are a common cause of macroglossia. iSlultiplc angiomata may occui 



Fig. 144.— Capillary aniiiomn. In addition to many new vessels there is a solid mas- 
of endothelial cells in the upper right hand corner. X 225. 


in the skin :ind the luueous membrane of the bowel, giving rise sometimet 
to intestinid heumrrhage. Angioma of lame is an uncommon but confusing 
etmditiou, ior it m:iy present sheets of lipoid-filled cells resembling those ol 
ii hypernephromti. As the lesion ctiuses marked absorption of bone when 
seen in a roentgen-ray film, it is easy to make the mistaken diagnosis ol 
secoiidtiry hypernephroma. Angioma oi the brain constitutes one variety 
of eerebrid tumor. 

Certain hemtmgiomas exhibit regressive changes marked principally by 
fihiosib (Cii'oss and Wolbach). In these seJerosing hemangiomas the capil- 
laries iiccome obliterated, whilst segregated groups of endothelial cells 
leinain. In the majurily of these cases there are accumulations of lipoid 
material and hemosiderin which are probably extracted from the circulatiiu] 
blood although to a lesser degree they may be derived from hemorrhages 
into the angioma. The iipiil and to a lesser extent the hemosiderin are 
eontamed withm phagoeytie endothelial cells. Aggregatioirs of endothelial 
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cflls niiiy fuse to form foreipii IkhIv plant <yIIs. 'riic tumors of tlic skin 
c(»ntaininp larpe amounts of lilood pipmeiit an* often mi^tak(•n for melaiuv- 
mas. TIio granules of pigment are mid more irregular in si^ce an<l 
hliape than the small, rounded and more unifonn melanin granules. They 
are stained an intense blue by the Berlin blue method. It is poi>sible that 
some dermatofibromas may begin as sclerosing Iternangiomas. 

C.KVKRKOUS Angioma. —T ins form is 1 c.ns eominon. It li.as the s;une 
structure as erectile tissue, being, conijiose-d of large bloml-spaces or 
sinusoids linwl by endothelium. TJie site - i»— tlio—liver, 

^^he^e it forms a small dark-red tumor whicli is ilL-veoverttl aaidcntally 
at autopsy. These tumors in the liver may Ik; multiple, but they ‘seldom 
become large. I ha\e seen, hoA\ovor, a huge angioma 'which occupied the 
greater part of the left lobe of the Ii\cr. Being Jiurccogni/ed it rupturnl 
at operation, and the patient diwl on the table In lhcctmr.se of a few mimites. 
The cavernous angioma occurs in other ]M)sitioiis. c. O; lips, .subtutanooiis 
tissue, and mnscic. It is not cneapsnlatod, ami may infiltrate the surround- 
ing tissue like a malignant tumor In rare cases metastases arc formed in 
the lungs. 

Lymphangioma.— This is much less ctiminon than n hemangioma. Like 
tlie hemangioma it is congenital. It may be localizetl or tliffust*. T)ie 
vessels mnv be small or envernous, and the\ contain lymjdi instead of blood , 
sotlint the tumor lacks the characteristic color of the iiemaiigioma. Lymph- 
angioma of ' ‘ ’•e- • . . « » • , 

(hig tongue • * 

hygroma is : ' 

taken for a cold abscess More rarely it iKciir.s in the avilla or the side of 
the thorax. It ma\ be present at birtli and temls to become smaller or 
disiippcar as the child grows up. 


TUMORS OF HEMOPOIETIC TISSUE, LYMPHOBLASTOMA 

This group includes tumors of the l\inphoi<l tksuc and boni.-marrr>\\ 
The principal members of the gn)up arc hmphosjrcoma. reticuIniiMfll 
.Mreoma, Ilodgkin’.s di.«ea.se. Jcukemhi. and nmitipir nneJom.i. AJtJjough 
these various conditions mu% be regarde*! as mxipl.istie (lisoa<K's, it is 
jKi'^siblc that leukemia is not a true tumor, and pn*b.ible that Hodgkin's 
disease is not. They ari^e in bloml-foniung organs, and will l>e ttmsidensl 
in conmKrtion with <liseascs of the>c »>rg5uis. 


NERVOUS-TISSUE TUMORS 

Although the central iicr\ous s\xtein is cctmlernial in i»rigin. it Ikwhicn 
divided into parendu matou-s ti.s.suc (imw <t1Is aiul fiUTs » and .supporting 
tissue (neuroglia). Tumors of the p.irenchniiatous tis'ue an- \er\ rare, 
tumors of the netm)glia arc 'cr.' wmmon. 

The two important tumors arc glioma nml ncim»blastoma. (ilumaf 
constitute the ’important group of bniin tumor> and are eonsidered in 
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connection with diseases of the nervous system. ISeurobhistonv.i is a tumor 
of neuroblasts, usually occurring in the adrenal medulla, but occasioiially 
in connection with other parts of the sjanpathetic ner\-ous system. It is 
described in the section on Diseases of the Adrenal Glands. 

Retinoblastoma.— This tumor has been called glioma of the retina, 
neuroblastoma, and neuro-epithelioma. It is composed of cells which 

started from the anlage of the retina 



in the embryo and were not develop- 
ed into functioning cells. It seems 
best, therefore, to use the term retino- 
blastoma. It is an uncommon tumor, 
and presents three striking clinical 
characteristics: (1) it is bilateral in 
at least 20 per cent of the cases; (2) 
over 90 per cent of the cases occur 
before the fourth year, in this resem- 
bling neuroblastoma of the adrenal; 
(.3) it shows an extraordinary 
familial tendency. In a family of 16 
children 10 died of retinoblastoma. 
The tumor is locally destructive, but 
later it may form metastases in the 
lymph nodes and internal organs. 
Microscnpicallii it is composed of 
small round cells with practically 
no cytoplasm and no fibrils. The 
chief eharacteristic is the presence 
of circles or “rosettes” of columnar 
cells, which, however, may be absent. 
They probably represent inclusions 
of cells which normally develop into 
rods and cones. 


G.\NGi.ioNi;cnoMA.— A very rare tumor composed of adult nerve cells and fibers. 
(Fi>;. 14.0.) It is commoner in iieripheral ganglia than in the central nervous 
system. The condition is benign. 


EPITHELIAL TUMORS 


Rpithelial tumors like epithelial cells present certain features which 
distinguish them from coimective tissue cells and tumors. ITe cells lie 
in apposition with one another to form groups. The groups are separated 
Irom each other by . connective tissue, giving what is called an alveolar 


arrangemeiit, l)Ut there is no connective tissue between the cells of the 
alveolus. The benign epithelial tumors are the papilloma and adenoma, the 
malignant is the earciuoina. 


Bnxiox Epitueual Tumohs 

Paprnoma - A papilloma is a benign epithelial tumor in which tlie cell 
enver fmger-hke processes of stroma. It grows from a surface, either inter 
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iml or external. Tlie tenn is usimlly not nppliwi to malignant tumors 
when they grow in tliis way, hut sometimes it is Cmaligiinnt papilloma). 
A papilloma may hecoinc malignant, hut this h only common in one or two 
situations, c. g., l)liul(lcr and rectum. l^ipillomnta-Uiay.bc .‘^uamous or 
imic-oiis, (IcijciKling-On-whclher they grow.fn)m a squamous or mucous 
surface. 

Squ\mous Pahm/)M\.— T his tt>mnr is comm onest in the skin, (Fig. MG) 
hut may occur in the mouth, larynx, and any other cjivity lined hy stratified 
epithelium. The hase may he nsurow or hroad. 

A .true papilloma slums prolifersrtion of the squamous epithelium. 
The epidermis may he thickeue<l and hlunt proce.sses may project down 
into the forium. The term oma/Armt is applksl to a profiferatum of the 
cells of tlie Malpighian layer, whether neoplastic or otheia\ise, whilst 



Fro. 1-40.— ?<tusmous pnpiHonn crowmc from »Vin X 7. 


litiperlxcratouLt signifies thiekening of the stratum corncum. The so-callcsl 
plantar U'M is a fiat papilloma with excessive epidermal thickening and 
very marked cornification of the surfac-c layers. Tlie thickenc<l epithelium 
presses on the sensory ncrNe endings and causes pain on pressure just ns 
does a corn. A corn is simply nii excessive surface cornification. Kvery 
papilloma has a fibrous core, and hi some cases there seems to he more 
overgrowth of fibrous tissue than of epithelium, which ma\ he of normal 
thickness. 

Mucors P\i’n.ix)M\.— This is commonest in the large intistinc and 
bladder, hut it may grow from any niueims membrane. In tlie stomach, 
intestine, etc., a papillom.s is tsunmonJy calhsl a j)ol\ pus Such a {Kilypus 
is rcallv more of an adenoma than a iiapilloina. for it is nunixiMsl of pro- 
Uferated glands. Gastro-intostinal polyp* a*^ »nultiple. and in the 
large Iwwcl there mav he hundred.s. Mucous polypi iii the large intt*stine 
and bladder are of great import.ancc liccausc they show a marke<l tcn<lency 
to malignant change. (Fig. M7) . , , r , i i 

Adenoma.-Au adenoma is an innocent cpithelud tumor of glandular 
stnicturc_which clovclv ajiproxinwtes that of the gland from which it 
aris<>s. I’nfortunntelv the matter is not quite so simple ns it -s.unds. -M^y 
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connection ^vith diseases of the nervous system. Neuroblastoma is a Uimor 
of neuroblasts, usually occurring in the adrenal medulla, Imt occasionally 
in connection with other parts of the s>-mpathetic nervous system. It is 
described in the section on Diseases of the Adrenal Glands. 

Retinoblastoma.— This tumor has been called glioma of the retina, 
neuroblastoma, and neuro-epithelioma. It is composed of cells which 

started from the milage of the retina 
in the embryo and were not dcN'elop- 
ed into functioning cells. It seems 
best, therefore, to use the term retino- 
blastoma. It is an uncommon tumor, 
and presents three striking clinical 
characteristics: (1) it is bilateral in 
at least 20 per cent of the cases; (2) 
o\'er 90 per cent of the cases occur 
before the fourth year, in this resem- 
bling neuroblastoma of the adrenal; 
(3) it shows an extraordinary 
familial tendency. In a family of 10 
children 10 died of retinoblastoma. 
The tumor is locally destructive, but 
later it may form inetastases in the 
lymph nodes and internal organs. 
Microscopicdlhi it is composed of 
small round cells with practically 
no cytoplasm and no fibrils. The 
chief characteristic is the presence 
of circles or “rosettes” of columnar 
cells, which, however, may be absent. 
They probably represent inclusions 
of cells which normally develop into 
rods and cones. 

GANcn.ioNiainoMA.— A very rare tumor composed of adult nerve celts and fibers. 
(Fi^. 14.").) It is commoner in periplioral ganfilia than in the central nervous 
system. The condition is benign. 

EPITHELIAL TUMORS 

I.pithelial tumors like epithelial cells present certain features which 
distinguish them from connective tissue cells and tumors, llie cells lie 
in apposition with one another to form groups. The groups are separated 
Irom (‘ach other by, connective tissue, giving what is called an alveolar 
arrangi'ineiit, b\it there is no connective tissue between the cells of the 
alveolus. The benign epithelial tumors are the papilloma and adenoma, the 
malignant is the carcinoma. 



ItUNlGN hPlTUKLIAl. IlWIOHS 


Paprnoma.-A iiapilloma is a benign epithelial tumor in which die c 
cover fmger-iike processes of stroma. It grows from a surface, either ini 
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nal or external. The term is usually not applied to malipnant tumors 
uhen they prow in tliis way, hut sometimes it is (malipnant papilloma). 
A papilloma may hccome malipnant, hut this is only coimnon in one or t« o 
situations, c. tj., bladder and rectum. Papillomata may.be squamous or 
mucous, depcndinp.on-whetlier they grow. from a squamous or mucous 
.surface. 

Squamous PAm.LQMA.— This tumo^i s comm onest in the skin, (Tip. 140) 
hut may occur in tlic mouth, larynx, and any oflier ca\ ify lined liy stratlfieil 
cpitlielium. The base may he narrow or broad. 

A. .true papilloma slipws proliferation of the squamous cpitlielium. 
Tlie epidermis may he thickenorl and blunt processes may project down 
into the cxirium. Tlie term acanthosis is applied to a proliferation of tlic 
cells of the Malpiphian layer, whether neoplastic or othen\ise, ^\hlIst 



Fig 140 —Squamous papilloma crowing from pkm X 7. 


In/pcrlcratosis sipnifies tliickeninp of the stratum cornoum. The so-called 
plofiiar icart is a flat papilloma with exccsshc epidermal thickeninp and 
very marked cornification of the surface layers The thickcnwl epithelium 
jiresscs on the sensory nerve eiidinps and causes pain on pressure just as 
does a corn. A corn is simply an excessive surface cornification. Every 
papilloma has a fibrous core, and in some cases there seems to he more 
overprowth of fibrous tissue than of epithelium, which may he of normal 
tliickncss. 

Mucous Papilwma.— This is commonest in the larpe intestine and 
bladder, hut it may pn)w from any mucxnis membrane. In the stomach, 
intestine, etc,, a papilloma Is commonly called a |K)l\pus. Pueli a pol^Nqius 
is really more of an adenoma than a p.apnioma, for it is composed of pro- 
liferate plands. Gastro-intestinal polypi are often multiple, and in the 
larpe bowel there may he himdrctls. JIucous ix>lypi in the large intestine 
and bladder arc of great importance because they show a marked tendency 
to malipnant change. {Fip. 147.) 

Adenoma.— An adenoma is an innocent epithclLal tumor of glandular 
structure.. which closely approximates tliat of the gland from which it 
arisen, rnfortunatcly the matter is not quite so simple ns it sounds Many 
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so-callt“cl aclcnoruns are not true tumors, -Init merely examples of locaIizc<l 
coinpcimtory Jiv'pcrplnsia. a portion of the liver is <lcstroyc(i a mass 

of nev tissue is formed 'wliich may project on tlic surface and he mistaken 
for an adenoma. A true adenoma is encapsulated, .hut it is doubtful if the 
coumiotij^np‘>ul nte<l p landuhm nodules in the thyroid commonly called 
adenomas are, really, true tumors.'’ A^mjiH.adenorim'of-th'eirrcast 'may 
contain more fibrous tissue than cpitJieJium; sucli a tumor is a fibroadenoma 
rather than a pure adenoma. 

No general description of an adenoma is possible. It is a circumscribed 
fncnp'«ul:ited nodule ^\hich may resemble the gland from vhich it arises so 
closely that the mierosc“oplc picture of the may he identical. It 
consists of gland-likc spaces (breast, stomach, l>oweI, pancreas), or solifl 
cords (liver, adrenal). I’he glands may he lined by more than one layer 
of cells, hut the acini are perfectly regular, and there is no invasion of the 
det'per tissue. (Fig. 148.) 

In the stomach and large intestine the adenoma c-ommonly develops a 
stjdk owing to c‘ontractions of the iniiseiilar wall, so that it hangs into the 
lumen as a polypus. Such a polypus is often callerl a papilloma, hut 
polypoid adenoma or adenomatous polypus is a more c-orreet name. The 
frequent development of malignancy in the adenomas of the large bowel 
has already hc'cn alluded to. 

The secretion of the cells lining the glandular spaces of an adenoma may 
lend to distention of these spaces with the formation of cysts. Such a 
condition is eallwl a cystadoiionia. It is host secjj In the ovary, where the 
cysts are lined by tall columnar epithelium which semtes a mucoid material. 
The cells lining such cysts may l>ecoinc flattene<l from pressure, or they 
may proliferate and project as papillary pnnt'sses into the cysts, a condition 
known as papillary cystadenoma. 

CARCINOMA 

A earduonia..is a-inuligiuint cpitlielial tumor wlneli tends to invade the 
l\niph spa(vs of.the surrounding conneethc tissue. It is the c-ommoncst 
of all malignant tumors, very nincli ^•oInlnouer than aireoina. The rolls 
show tlic dianittcristic epithelial arrangement, they are collected into 
groups or aheoli, with fibrous stnmia lictween the groups hut not Ijctwecn 
the rolls of the group. 'J’he stroma \aries greatly in amount, and largely’ 
determines the jjhy sieal chamclcr of the tumor, ^^^lcn the primary’ tumor 
is set-tinned it may appear to be in.adc up of a large number of separate 
masses. 'l’he<v are really extensions of the rontnd mass which on section 
give a fictitious appearance of multiplicity A wax model would reveal the 
ejsentia! continuity of the tumor, 

Se’IUHD.— C ardnoma may extend in four diirercnt ways. (1) Intasinu 
of the tissiic.spacf.'f. This is the fuiidainentnl mcthftd of spread. The words 
cancer jind (•aniuoma- mea!) a crab, and these extensions are the claws of 
the animal. (2) Lymphatic-permcation. 'IIeo cancer rolls in' adc the lym* 
phatjes and grow along them. (Fig. 149.) Spread along perineural lym- 
phatics is of importance in some tumors, particularly carcinoma of the 
pn>siate. (.“I) By h/mphatic rmhofvim tumor rolls are carrietl to the regional 
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lymph nodes and sometimes to more distant nodes. The nearer nodes may 
also be reached by permeation. (4) Blood spread carries the tnmor cells 
to distant organs. 

Carcmoma.spr.eads primarily by the lymph^spaccs and,l,vmphatic vessels. 
Lymph node involvement is therefore the rule. (Fig. 150.) A lymph 
node may contain cancer cells and may yet appear normal to the naked 
eye and show no enlargement, a point of great surgical importance. Sus- 
pected early involvement of lymph nodes may be attack('d by radiation. 



I'lG. 14<t. Lymplintic ])enneation 
by carcinoma. X 125. 



Fig. 150. Glandular cancer in lymiili 
node. X 150. 


anw’SfA' is ^■.larged, imcl the cut 

or epidermoid eareinotivi nl' i ™ cancer known as squamous-cell 
l>v lie lvi„„ r.li ™ ° 1 *1"' "'I"''™' is •'iinost entirclv 

hivailb.' ' '■'«!'« last stages the H„„cl vessels may h'e 

asTniTiy,td'’^)t*'T5iV% "T'f'’ 

l'^>»creas the tumorembn : n gastro-intestinal canal 

t'> h'rm metastase.s. In caiviooo'^^ catned by the portal vein to the liver 
I' the e<nninoiie,>T seat of st-eond-nw\!^ etc.) the lung 

^he of meta.tasos i ; i Z of^ ^>«l»cntly the 

uuunoma of the prostate, breast, lung, kidney (hnier- 
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iifplirotna) and thyroid. Skeletal inctastaM.’S may oetiisionally otrur fn>m 
otlier tarcinoinas. 

Squamous-cell Carcinoma.— This is usually calle<l cindcnnoid. carcinoma 
mid iw'd Jo hc-known as epithelioma. It occurs wherever squamous or 
tran-'itional epithelium is found, particularly in skin, inoutli, tonpue, 
larynx, cervkx uteri, and urinary bladder. Kpidcrmoid.carcinonu may 
develop in the ed}:e of a chronic ulcer wliicli refuses to heal. In.rarac:ises 
it inay.arisc from epithelium which has been chan/;tHl from the c’ohimnar 
to the squamous stratified type owiii" to an irritation metaplasia. This is 
stH’ii in the pdl-bladder and in a 
lironehieetatic cavity in the luiitr. 

Most of the skin cjincersarcon the 
fact* and neck; the lower lip is the 
commonest .site. 'i*he\ develop 
at a point where there has been 
chronic irritation (fissure, ulcer, 
local thiekeninp:). The tumor 
hoj^ins as a slight thickenin]:; or 
small nodule. At this sta£;e the 
dis-ase is easily curable. Later an 
uU'cr formswhieh refuses to heal, 
the ed;:es.aa‘ characteristically 
thickened and induratc<k Kpkler- 
inojd. carcinoma spreads It^ the 
lymphatics, i>o that the rc'jtional 
lymph nodes become infected 
and enlarged. Illood spre.ad !.•> 
unusual, and only occurs late in 
the disiMse. 

Micrnnopic Ajtpi'rirancc. - (Col- 
umns of ejiitlielial cells prow down 
Into tlic tiermis. (I'ip. 1 ")2.) 'I’lie 
prowth is tliercforc the re\ erse of 
that stTii in papilloma. Tiie lov'cr 
jiarts of tlie c-<dnmiis often nppc.ir 
a>5inas«e.ssep.irat<‘d from the rt'st 
of the pn)w tli l»y the obliquity of 
tlic section. In the cemter of 
thi^se inassc's the s:imc prtKvss 
of eornifieation poos on as occurs 
normally on the surface. Granules appear iu tliu cytoplasm, and tlie cells 
biwme converted into hyaline structureless mas.scs of keratin wliicli stain 
briphtly w ith w-iin and are identic:il with the horny material on the surface 
of the .skin. Stieli ,t penend picture is well named an epidermoid carcinoma. 
Tin* cornified niasNcs are known as cell nesh or epithelial prarh. The outer 
evils of the iK'arL are often arnmpcsl in a concentric manner. The nn- 
ch.anpisl cvll> show the “pricklo-ceir’ nppeanuice characteristic of epidermal 
c^sirvinoma. Coll iiest.s and cx>niification arc nhs<*nt in rapidly-prowinp 
tmuors, as they arc a sim of difTerciitintion. llicy are licst seen m skin 



Fi«J 151.— from rarcin- 
oma »t lung in plonierultt^ nml reail 
tubule* X 175 
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cancers; sometimes they are found in cancer of tlic tongue a?i(l esophagus, 
but they seldom occur in cancer of the bladder or cancer of the cervix. I he 
do\vn-giwi“g masses are often surrounded by masses oi lymirhocytcs, 
especially in tumors of low grade. 

Basal-ceil Carcinoma.— This tumor, usually known as rodent ulcer, is a 
A-ariety of epidermoid careinoma which is confined to the skin. It is there- 
fore described in Chapter 35. 



Fig. 152. — Epidermoid curcinoin.a. lipitholi.al down-izrowths into dermis and formation 

of cell iie.st.s. X GO. 


Lympho-epithelioma.— A cancer of distinctive individuality, both clinical 
and pathological, grows from the epithelium covering lymphoid tissues in 
the mouth iind pharynx, i. e., tonsil, wall of pharynx, nasal passages, and 
nasopharyngeal sinuses, in which areas the epithelium tends to be transi- 
tional between squamous and simple. Its chief characteristic is that the 
primary growth remains small and often undetected, whereas early dis- 
semination gives rise to marked enlargement of the glands of the neck. 
1 he correct diagnosis of these nasopharyngeal tumors is often missed for a 
long time. \ iseera! involvement (lungs, liver) may occur at a later date. 

the cells are large and pale witli indefinite outlines, and are 
.ur.uvged in sheets, ihere is usually a marked iutermingling of epithelial 
and 1\ mplioee tes derived Iroui the underlying Ivmphoid tis.sne. 
<1- !g. 1.53.) Wlien the tumor is purely epithelial in type it is referred to as 
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tranfitminl-rrll carriunnin. Mitoses are numerous. Tlicrc mny he a 
teiulcnc-y tn\\nnl difTerentiation witli squamous character.s appoariup, {ir 
toward anap/a'>iii .so that tlio tumor in the lynqdi nodes may he mi\takcri 
for a 1\ inpiuisarcoiiia. The tumor is inarketlly radiosensitive, in di^tirlc'tion 
t«» epidermoid eareinoma, and is more suitably treated by radiation than 
hy stirfrery. In essence it is an anaplastic cJircijioiua of tlic tliroat. 

Adenocarcinoma.— This is a columnar-cel! carcinoma uitli formation 
of plandular spaces. The coinmoii sites arc tlic stomach, large intestine, 

‘ ’ — * * ft may occur in tlie hreast and 

oth hy the Iyinj)hatic3 and tlie 
ors usually h)rm bulky masse.s 

wliicli project into the lumen, but 
they may l)e .sessile or infiltrating. 

The change from the normal 
miic-ous membrane of the howd 
to the irregular glands of the 
tumor is \ cry sudden. The nw- 
plastic glamls are highly atypical 
with liraiiching proees'-es and 
darkly-staining cells A\liieh con- 
trast strongly svitli the pale mu- 
cinous tells of the normal glands. 

(Fig. lol). 'rjio liiung evil' .arc 
several !a.'er.s in depth, and are 
nuUImltedhyth'einisemcntmem- 
l»riiuc*butiny{idi’j}u‘i'tirr<tunding 
tissue. Mitoses an' muiierous. 

Most charaeteristic of all, new 
glands are found in ahn<irmal 
IMisitloiis, c. < 1 ., <leep to the 
nniseularis mucf)sie. Sometimes, 
particularly, in Jjie stomach, the 
glandular formatioTi* i06sl,.and 
tlie tumor assumes a scirrhous 
form uitli ahiindant stroma. 

Mvciiid cnrrlnnDia, formerly called colloid carcinoma, occurs princip.dK 
in tlie large bowel, stomach, breast and bronchi. Two difTerent forms ma\ 
hc-diatiugui-'hed: (1) primary-mucoid-«irciiioma arising.as a tumor «>f 
miicu'-ai'crctiiig cells; (2) u secondary form which is merely a mucoid 
degeneration of a pretA'i.sting ndenocareinoma. Only 15 per cent of ca.'H's 
iK'long to the true primary form, which is characterized by bulky gelatinous 
mas.vs, loss of glaiulular arrangement (also seen in the metastascs). lanre 
signet-ring ci'll> shoeing abundant evidence of proliferation, and a high 
mortality. Many of the cells arc greatly distended with mucin (Fig. 155). 
and large numbers of tliem dis.jpjH'ar completely. In the secondary fonn 
the gl.mdtilar arrangement is prt'^er^'cd with iiiutnis in the acini (Fig. l.'iG), 
the picture is one of advanced degeneration A' ith little evidence of prolifera- 
tion, and the malignancy is nmghly projiortional to the <legree of mucus 
formation. 



Fio 1.53 — l.ymplio-cpjtlielionw show- 
ing iniorminElinc of e[i\thchil ami 
h niphonl cells X 3 10 
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strands of cpitliclium of epidornioid tjiie wliich branch and form a fantastic net- 
work. Tlio undiffcrontiatcrl forms consLst entirely of liasal rolU. Tho tumor ktows 
slowly and causes expansion of the jaw until a mere shell of Ixme is left. Cyst 
formation may occur. Tlic tumor is usually innocent, but there may lie invasion 
and, in rare cases, motastases. 

Similar tumors are found in the st.ilk of the pituitaiy, where they are known as 
stiiwaselhr tumors, nu<l in the tibia. The pituitary stalk ari'Cs as an iux.isination 
of the oral epithelium, and as tlie enamel orjsm has a .simjLar oriKin it i-> ea-y to 
un(lorst.and why epithelial cells whieh rebiin their cniliryonte character should Ki\e 
rise to similar tumors in two <lifferont sites. Tlic xer\ rare tumors of tho tibia are 
more of a puzzle, but may {wssibl}' lie explained on a Lasis of abnormal embryonic 
epithelial invaginations. 


TERATOMA 

A teratoma is a comixisitc mass dcnxeil from more tlian ono germinal layer. In 
some there are representatives of all three Layers It is not a tumor in the strict 
sense of the word, but rallicr an .attcmptc<l formation of a new indmihi il within 
the ti'sues of the patient. A malignant growth niay deaelop m a teratoma and 
may l>c carcinomatous or sarcomatous in type. 

E\x;ry grade of complexity may be met with in a teratoma. At one end of the 
sene'* is the parasitic fetus, an acardiac monster attached to a normal child Vr a 
jumhled m.ass of structures may bo attached externally either to tlie upiicr jaw 
(rpijnotus) or in tho sacral region (sacral krtatoma). Or again such a mass may 
dc\clop within the body, usually in the genital gbnds. The structure may be 
simpler, comprising only one or two tissues as in the ernbrj’oma (teratoma) of the 
kidney. Finally tlioro may be inclusions of the surface (inclusion dermoids), which 
may cau«e tumor-like swellings. 

In the early stage of tlie developing and segmenting oxiim the first blastomcres 
are totipotent; the}' have the capacity of forming a new induHdual ns shown by tho 
occa'ional dcxTlopmcnt of identical twins from tliconeonim. The later liListoincres 
are multi|>otent, t. c., they can form all of the three germinal layers. In the seg- 
niciiting OMirn primitive -e\ cclh (germinal cells) arc scpar.atcri from the somatic 
cells .and niignite fiiwlly to the testicle and ovary, w here they <levcloj) into s|)ermato- 
zoa or ova Theoretically it is quite possible for one of the primitive germ celN to 
l>e fogrcgatotl either in the sc.x glands or in some other part of the Ixidy, where, if 
it could 1 ) 0 stimulated to dudde, it ma}' forma teratoma which is an nlmrtn-o attempt 
at the production of a new individual cx'cn to (he extent of forming chorionic 
membranes, for the chorionic ejiithelium is merely a modification of the fetal ccto- 


lic divided into two main C'l.a.s'*e>, the fits.t representing the development of a primi- 
tiic jicrminol cell, the sccoikI being dcnveil from a segregated soynatic blastomore. 
Tlio'-e two forms liclong to different generations, the first being analogous to a true 
offiprhig, the second to a twin brother. 

Jacques 1/x‘b, ns Is well known, succcctlcd in inducing parthenogenesis in the 
unfcrtilt 2 e<l o\-a of sea-urcliiiis and even frogs by employing various physical and 
chcniind Rtimuli. The resulting animals were apparently normal except tliat thej' 
jyv.-<c~y«l no sex cells. In 1020 Dos.aeas published an account of some extra- 
ordinarily interesting cxiierimcnts on the fwrthcnogcnctic formation of teratomas, 
lie removed an oxaim from a frog's o\’ar>*, pricke*! it with :i needle, and rcimplanted 
the stimuUtod ox-um into the Ixxly of tlic same frog. As the result of partlieno- 
pcnpsls a terntonui developed vxhich xvas similar in tyjie to some of the teratomas 
IS 
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occurring in man. When the o^nim was placed in the body of another frog it failed 
to fievelop. 

A new jiossibility is provided by advances in experimental embryology. It is 
now known that difTcrcntiation depends on two factors; (1) chemical organizers, 
(2) susceptibility or “ competence” of the cells to the action of the organizers. Both 
of tliese cliange as development proceeds. Thus there are primary, secondary and 
tertiary organizers, and the .susceptibility of the cells alters with the course of 
develoiunent. When tlicrc is perfect balance between organizers and susceptibility, 
flitTercntiation juoceeds normally, but if organizers are produced too abundantly 
f)r too early m if suscei)tibility persists beyond the period at which it is normally 
lo-t. the result may be uncontrolled differentiation with the production of a jumble 
of struct\ircs so characteristic of teratomas. 

Perhaps the most varied structures 
are encountered in teratomas of the 
genital gland. In the dermoid cyst 
of the ovaiy are found skin, hair, 
sebaceous material, teeth, bone,brain, 
thyroid, etc. In teratoma of the 
tc.sticle, glands, cartilage, muscle, 
brain, and even choroid plexus may 
occur (Fig. 160). 

Inclusion Dermoids.— Although 
these have the same name as the 
congenital tumors occurring in the 
genital glands, their origin is quite 
different. They may be divided into 
congenital and implantation der- 
nmids: in botli cases there is inclusion 
of dermal and epidermal structures. 

Congenital Dermoids . — Congenital 
dermoids are inclusions of dermal 
tissue along the line of the embryonic 
fissures. Dermal tissue, it may be 
witli liair and cyst formation, is 
found in the middle line of the .ab- 
domen and chest (mediastinal der- 
moid), in the skull (line of attachment 
of dura mater to tentorium cerebelli), 
in the lino of the thyroglossal duct 
and the duct leading from phaiynx to 
pituitary, and at the site of the bran- 
chial clefts, particularly the second. 

I mplantalion Dermoids. — Implan- 
tation dermoids are the result of a 
I'i'-. r o! vi-.iu heiiaz implanted in the deeper tissues, usually as the result of 
trauii!'.’. with a pointed in-,trument. A small cyst lined by epidermis is formed. 
T!tt•^e cysts iuemo>t eoimnuu on the hands of manual laborers. 



\'u; ton,— Choroid plexus in teratoma 
■ elii>iionei'nli(‘lii.)inHl of le.sticle, X IT.a. 
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occurring in man. When the ovum was placed in the body of another frog it failed 
to develop. 

A new possibility is provided by advances in experimental embryology. It is 
now known that differentiation depends on two factors; (1) chemical organizers, 
(2) susceptibility or “ competence" of the cells to the action of the organizers. Both 
of these change as development proceeds. Thus there are primary, secondary and 
tertiary organizers, and the susceptibility of the ceils alters with the course of 
development. When there is perfect balance between organizers and susceptibility, 
differentiation proceeds normally, but if organizers are produced too abundantly 
or too early or if susceptibilitj' persists beyond the period at which it is normally 
lost, the result may be uncontrolled differentiation with the production of a jumble 
of structures so characteristic of teratomas. 



I'lc. 100.— Choroid plexus in teratoma 
(cUi)riiiiici'i(iieliomal of te.sticle. X 17.0. 


Perhaps the most varied structures 
are encountered in teratomas of the 
genital gland. In the dermoid cyst 
of the ovary arc found skin, hair, 
sebaceous material, teeth, bone, brain, 
thyroid, etc. In teratoma of the 
testicle, glands, cartilage, muscle, 
brain, and even choroid plexus may 
occur (Fig. 16(1). 

Inclusion DEHMOins.— Although 
these have the same name as the 
congenital tumors occurring in the 
genital glands, their origin is quite 
difi'ei-ent. Thej' may be divided into 
congenital and implantation der- 
moids ; in both cases there is inclusion 
of dermal and epidermal structures. 

Conpanfal Dermoids.— Congenital 
dermoids are inclusions of dermal 
tissue along the line of the embryonic 
fissures. Dermal tissue, it may be 
with hair and cyst formation, is 
found in the middle line of the ab- 
domen and chest (mediastinal der- 
moidl , in the skull (line of attachment 
of dura mater to tentorium cerehelli), 
in the line of the thyroglossal duct 
and the duct leading from pharynx to 
pituitary, and at the site of the bran- 


chial clefts, particularly the second. 

hnplaiitalion Dermoids. — Implan- 
tation dermoids are the result of a 
small piece of skin being implanted in the deeper tissues, usually as the result of 
fiauma with a pointed instrument. A small cyst lined bv epidermis is formed. 
The.se cysts are most common on the hands of manual laborers. 
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VITAMIN DKFICIKNCY 


AviTA.NtiNo^is (tr ijjsnlllci«*ii<-y <jf vi(;nnins !i);iy he ii of 

j.iriinar)/ inahmtritictn raused i)y (iietary iujulcquacy ; even the .w-califai 
hinnd diet of a hosjiitai n'i:inu*n may li'nd to vitamin derK'i('iU‘y. Viich 
maimnrition, luiwt.ver, in .'n fimtlaru to dii^easo. 'Du'n^ may he ii!trrf<*rcti('<* 
with ai), sorption from the ])0\v(‘l due to intestinal lesions. nilFu.'-e diseast 
of flic liver suf'li as eirrhosi.s may dimijjish tiie .sioraije capaeity of the livj'r. 
lo'ver, ]iyj)(n-thyroidism and jtrcitnaney may aceeha-aie nietahojism and 
thus inen'ase the mitritiomd requirements of the body. I’aimi ghieose 
solution }:iven over a jterifjd of several days will wa.sh out the res(;rvoirs of 
thiatnine, and may lead to the development of tieute sN'mptoms sneii as 
seven' v<unitin(: and i)aralytie ileus. 

Althoutth iutf'jisive iuvestitiatioji luis been carried on with regard to 
individual vitamins, it must l)e rememiK;red that mahnitritiou is often not 
tile result of ali.senee of any one vitamin, that the administration of a sinade 
vitamin in a ehemieally jmre state may not ser\’e toeorreet the condition, 
and that no lalioratory mixture is llie equal of a et’od well-halaneed tliei. 
Moreover it is mit jiossihle to ke(‘p an animal alive on a vitamin-free dii’t 
to whieli has been added all the pure vitamins known. 

ViT.\MiN A, “Vitaniin A as sueh occurs in hrinlit yellow animal foiids such as 
hatter and the yolk of eges. Various plants .such a.s i-orn and sweet potatoes cffntain 
lirecinsors of the vitamin which .arc convt'rted into active vitamin A hy animal 
tissues. Heing fnt-solul)le. it i.« stored in the fat of animals, and if is [irewnt in 
gre.atost .ahundaiua! in cofi-liver fdl (although much is lo.^t in thi' prores.of rerming), 
hut hesh milk contains an adequate supply for the growiiig child, Ci'pci-ia.ily wlam 
(‘omhinod with yolk of eggs. Moore ha.s shown that animals can synthesir.e it in 
the liver from (lie vegetafile pigment carotene, so tl\al it may la* given directly as 
cod-liver oil or indirectly as vc'getables. The conversion t.akes jdace in tlie liver 
through the atdion of an enzyme. The vitamin iias Ikvii hoLaferl in chemicaliy 
pure form, and has been synthesized. 

Vitamin A gives a green nuorescenee in ultra-viftlet light, wlntdi dis.appcar.s 
raj)i<}iy. Popj)cr jmints out that sinnlc.r nuorescenr-e, im'-suma’tily diic to vit-unin 
A. e.an he seen in frozen .'CCtions of ecrf.ain tissue^. i^- most marked in ih.e liver, 
adrenal cortex, and corpus iuteum. In hypervitaminosis A the amount is increased, 

'rhe Icisic h'sioii of vitamin A deficieuey i.s atrophy of eohirnu.'ir epi- 
thelium and a suh.siituti(,m of stratified keratinizing ejiiiiHdium due to 
]>roliferation of the l<as.al eeils, >*. e%, a keratinizing mepipinsia. wliieh may 
h<' regarded as an aitenqit at repair following .'.trojdiy (\Vii!})aeh,o In the 
human infant, this occurs in the conjurietiva, mos’d nuu'osa, :>rce<sory 
li.asnl sinu.ses, salivary glands. traehe;i, bronchi, pauen-as, renal pclvi,-, 
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ureters, and uterus. Tlie conamonest and earliest cliange is in the trachea 
and bronchi, and death is often due to pneumonia. The lumen of the ducts 
is Idocked by desquamated keratinized cells so that cysts are formed in 
glands, Ijronchiectatic cavities in the lungs, etc. In the eye a late effect is 
xerophihahna. The cornea dries up (xew, dry) and becomes ulcerated and 
infected. This is due to involvement of the lacrimal glands, as a result 
of Avhich the tears are no longer produced and the cornea is not bathed with 
fluid as it should be. hlellanby suggests that the corneal lesion may be 
due to loss of the neurotrophic control of the cornea by the ophthalmic 
division of the trigeminal nerve, for degeneration of the myelin sheath of 
that nerve develops at the same time as the corneal degeneration, and in 
early cases both lesions are recovered from as the result of adding vitamin A 
to tiie diet. The salivary glands also become dried up. Xerophthalmia is 
rarely seen in Europe and America, but in Japan and other eastern countries 
j)ooriy-nourished children not infrequently develop the condition. Vitamin 
A may share with other essential factors certain anti-infective properties. 
To refer to vitamin A as an "anti-infection vitamin” is now probably mis- 
leading. 

Animals on a diet deficient in vitamin A may develop degeneratire 
/c.s-fon.v in ihe posterior and lateral columns of the spinal cord. These are r'ery 
similar to the lesions (combined degeneration) often seen in the cord in 
severe cases of jjcrnicious anemia. It is possible that there are two dietetic 
factors in the ])roduction of the advanced picture of pernicious anemia: 
(1) a water-soluble factor concerned with the formation of the red blood 
cells, and (2) a fat-soluble factor absence of which leads to degeneration in 
the central ncr\'ous system. 

Night-blindness (hemeralopia, more correctly nyctalopia) has long been 
known to I^e benefited by cod-liver oil. Hippocrates recommended ox liver 
dipped in honey for a cure, and in Newfoundland cod’s liver is a popular 
remedy. Any source of vitamin A will effect a cure. Night-blindness is 
due to exhaustion of the visual purple after prolonged exposure to brilliant 
sunlight, and lack of vitamin A interferes with regeneration of the visual 
purple. 

ViTAMi.'; D. -Much of the romance of the vitamins centers around this member 
of the f^roiip. Being fat-solulde it was at first confused with vitamin A, which i.s 
also fat-sohible. Milk, butter, egg-yolk, and other fats contain Htamin D, but far 
tiio most abundant supply is cod-liver oil. The vitamin ha.s been obtained chemi- 
cally pure. It has the same chemical formula as ergosterol, C27IL1OH, and appears 
to be an isomer of that substance, being formed from it as tlie result of the action 
of idtra-violet light. Irradiated ergosterol is known as vitamin D*, and on account 
of its chc;i))ness it is used in most fortified food preparations. 

\ itamin 1) controls calcium metabolism. \Yhcther or not it acts in con- 
junction with the parathyroids is uncertain; probably not. The vitamin 
has two limdamental and independent actions: (1) to increase the absorp- 
tion of calcium from the gastrointestinal canal, and (2) to increase the 
excretion of phosphorus in the urine. When the vitamin is deficient or 
absent froin the diet there is great interference with calcification and rickets 
results. iiat is actually interfered with is the calcification of the proliferat- 



inj: raiiilrigc »t tbc epiphy^t'c?. This must hr riistiiiiruisijcd from trur 
ns.^ii’icatio]} which <a>!isists in tiu* rcplnccnseul of the caicilicfi cartilagt' }>y 
iruc Ijonc find honc-marrow. The complex .suhjet'f, of ric!:cis and t he several 
eiioiopica] factors Involvtai will he dheussed In connectioa v/ith tlie disease's 
of hoDfs, and will tljerehme not he considered here. 

The '.vfsrh of May Melianhy has shown what an imiiortntif infltsence vitamin D 
has on the htpnu nt of PV Udh Iwith in the experimental animal and in the child. 
When the die! {-on tains an ;d)nntl:inee of vitamin D (jniUc, c,i:"-yo!k. etc,), tlu; teeth 
are (rven, hrieht, shiny, and well formed. With a diet iwmr in vitamin 1), e-^peeia.ny 
if it is rich in cereals, the teeth are uneven. ))Oorly caifatied. duli. and discolored. 
Corn.’; is a disease of j>oorly developed and poorly calcified teeth, hut there is no 
ueneral agreement as to the reJationship between avitaminosis and the develojmient 
of human caries. 

d'lie possibility of /ff//Krri'tmm'ne.vfs deserves mention, althou'^th there, is no danger 
of this with ordinary thera|.>outie do.^c.s. When larse overdose.-^ of vitamin i) 
(irradiated cri;n.steroi) are iiivcn there Is hypercalcemia and Ivt'flerphospliatomiu. 
If the diet is deficient in calcium there is removal of calcium fomi the bones. 
If, on the other hand, the diet is rich in calcium t!ic bones arc much less afTect<ai, 
but there are calcareous <le.posits in many of the tissues, beitie; most marked in the 
renal tnhulcs and the walls of the arterie.s. Ilonal in-suflieiency favors calcification 
of the soft tissues, for it interfere.s with the excretion of phosphorus, and Ins'll serum 
pliosjiliorus is even more imjiort.ani than Ini'll serum ealoimn in jiromotim: calcifica- 
tion of soft jiarts, 

VriwMix II.— Vitamin P>, one of (lie water-soluble vitamins, i.s a coinjilex siib- 
.stanee containing: a number of eonijinneiits; for that rea-on the term vitamin P> 
complex has conn' into use. The comtdox may be <lcfmed as the collection of vita- 
mins present in the yeast cell. New factors are continually beiiii^ sefxirafed, hut 
from the standpoint of jiathoiogy the four mo.st important are thiamine, rilKiflavin, 
niacin and folic acid. This |irou{) of vitamins is one of the most widely tlisiriliuted. 
l)cing prc.sent in all natural foodstufi's, hut much of it is lost in the ])rocess of refininsi 
and of convertinii: natural foods into artificial foods, as in the case of while iiread, 
jiolislied rice. etc. 

7’fiinimn or Ih is the aritineuritic. vitamin. It i.s the heat-labile compon'-nt of tlie 
oomiilex, and is an essential factor in enzvnne .systems coiiceriie»l with carbohydrate 
metaboiism. When rice is poli.'^hed t!ie skin and (he einiayo arc removed, and it i.s 
these which contain tiie vitamin. Birds fed on polished rice develop an avitaminosis 
known as the polyneuritis of birds or rice disea>'e. This i.'s chanicterized i>y ext.cemc 
ataxia followed by pare,-:is due to peripheral neuritis, (oiiether with anemia, lymjiho- 
penia, and hyper*;lyccmia. In experimental ob.scrvation.s on pijrs, PoHi.s and his 
assoeiate.s found focal and ditVu.se myocardial neerosi.s associated with marked 
eurdiae (fiiatation in animals dyinp: of thiamin deficieney. Tiiiainin deticiency is 
involved in (lie neuritis recurriiif: in ehronie uleoholism, premiancy aiifl dialx-te.'^. 
It.s most strikinc: manifestation b: beri-beri. althouixh this is certainly not an examplf' 
of pure vitamin B- doticienoy. Milder forms of thiauuu deficieney, wiiieli may W 
due to the use of a diet composed largely of white broad, arc not imeoimnon. Tiiey 
are charactc-rbed by symplom.s siigee.st!ng myocardial disea.-ie, .such e.s ta'-hyniniia, 
iiyspnea, edema, and enlargement of the lieart. Tiiese may be :\s,<0!-i:ited with 
mimhne.ss and tingliiiu of (lie hands anti feet. 

Riboihfin or B; play.* an important rent in normal tissue rc-spimtion. Mild 
forms of linlKiflavinosis are not uncomnion among the undernourished and those 
wlio .suh'-ist on aiisurdly inadequate diet*-* with the oiiject of improving their tigure. 
Severe eye ledons are f.'.'vn not only in the soo.tliern st.ates of Anv.r/u--i. i>nt also 
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throughout the world, particularly in large cities. This condition has been elimi- 
nated in areas adopting successful nutritional programs, particularly the enrichment 
of bread and flour nnth Bi, B; and niacin. There may be cheilosis (fissured lesions 
at the corners of the mouth), erosions around the eyes, and rough desquamation of 
the sides of the nose. The most serious disturbances are those invoh-ing the eye. 
In those whose occupation exposes them to Irright light (including workers with 
the microscope) there may be irhotophobia, eye fatigue, redness of the conjunctiva 
and lower lids. The earliest and most common sign is circumcorneal injection, best 
revealed by the slit lamj). In more advanced cases there is invasion of the cornea 
bv capillaries arising from the limbic plexus with final corneal opacity- and keratitis. 

Niacin or nicotinic acid is necessarx* for normal tissue oxidation. It is known as 
the F — P or pellagra-])rcventing factor, and is of great value in treating the major 
symptoms of pellagra, although that di.sease is not an example of a pure avitaminosis 
but is apparently due to multijfle nutritional deficiencies. Pellagra is a disease of 
maize-eating countries (Italy, the southern United States, etc.), but is not confined 
to these regions. There is a curiously s\unmetrical pigmentation and erythema 
followed by desquamation of the exposed parts of tlie body (face and back of hands), 
gastro-intestinal disturbance, and finally nervous and mental disorders. Muscular 
weakness is marked. The chief microscopic lesions of the skin are a severe grade 
of hyirerkeratosis in the epidermis and edema and congestion in the dermis, noth 
some round-cell infiltration in the superficial layers of the dermis. 

Gillman and Gillman, by means of repeated liver puncture on South African 
negroes suffering from pellagra, have shown that fundamentally important changes 
take place in the liver in the course of the disease. The first change is e.xtensive 
fatty degenertition. This is followed by a massive accumulation of iron pigment 
in the liver cells, necrosis of these cells, and finally cirrhosis. This of course is the 
picture of hemochromatosis. According to Gillman and Gillman 20 per cent of 
pellagrins in South .\frica show evidence of incipient or frank cirrhosis of the liver. 

Vitamin i?i; and /o/fc acid arc growth factors in the maturation of red blood cells in 
the bone narrow, B.; is formed by the action of an enzyme of gastric juice on a 
food protein. In the absence of Bn pernicious anemia develops. It is, therefc)re, 
known as the anti-pernicious anemia jjrinciple, and it is the chief agent of liver 
extracts used in the treatment of that disca.se. Folic acid being another maturation 
princiifle is also used in tlte treatment of pernicious anemia. Its disadvantage is 
that it does not iirevent involvement of the central nervous system, which is 
prevented by Bn. Failure of growth in children is benefitted by Bij, which is also 
a growth factor for bacteria in unbelievably minute amounts. 


— Beri-beri is a disease t)f eastern countries due to eating 
jjoli.-.hed rice. Tlie jjrineijjal features are peripheral neuriti.s, edema, and 
myoeardia! weakness, a triad of syinjrtoms which i.s found in no otlier 
disease. 1 he disease dillers in some rcsj)eets from the e.xj)eriinental rice 
disease of birds. In both there is polyneuritis, but the birds do not show 
the edema and cardiac failure, while the beri-beri patients do not show the 
anemia, lynqfliopenia. ;ind hyperglycemia characteristic of the experimental 
disea.se. ^ \ ilaiuin ilefieiency is an essential factor in the production of 
beri-beri, but it is rarely so complete as to be the .sole agent, and it is 
probable that the addition of an infection is needed to give the cla.s.sieal 


pieture. 

.Xnmiig 
sai.'s. and 
right silk- 
pi-ripht-raJ 


the autopsy fimlings are e^eni.a. of .the legs, fluid in the .serous 
marked enlurgemeist (both hypertrophy and dilatation) of the 
<'f the heart. Ill addition there is marked degeneration of the 
i.trves (Wailerian tk-generation) and de.getierative changes in 



VITA MIX DXnClEMrr 


281 


t1ii‘ jK-rve trlb' ff the* ,‘UiU'tjnr lu»rti <>f tile hpiiui! cord and of the st-n- 

-^ory nerve (t-lls in the pusterior ront iraitjrlia. 

A form of pelia^ra snay oer-nr as ihe re.siiit of (‘iirtmio pasti-t^-intestinal 
d3.-e!is<\ ’Hu* jiatienlK sIkav ti»c eharneteristie oanmlei or tdove dermatitis. 
Imt ilu* otij'.i' sipiis are not marked as in tile edemie fttrm. Annmt: tin- 
einaiitif'ins wlileh Inivt' eiven risi* to tills fetrm of defieieney diseJiM- are 
extensive cancer of the stomaeli. jiosti^peraiive nli.'-tnn.’t ive iesions o{ tiie 
small hoAel. and inflammation and eancer of tlie colon. 


Vitamin ('.■--'rhe nfber v.'.ater-snhihle vitamin is tlie anli-eorbutie one. Vitamin 
C i-- jireseiit in all fresh fruits and A‘eaet:th!es. beinv partieularly tdiundani in_tmnat<^ 
oraiu'.e. lemon, ami ara.ne-fruit. It is present in samller aim-iini in hf'di meat and 
mill:.' nteirnnson maintained binrself in the Aretie on a (iiet of fresh meat alone 
vdilmui develojiim: sa-urvy. 'Die vitamin is (>asi!y destroyed by heat , so that hvuled 
or na'-ti'urired milk may bn eoni])!eteiy lai-kintr in it. It is the duration of bnatim: 
rather tb.au the actual tcntpenilure '.vhich seems to matter. Tlte drying of fruits 
.abo <lt-;jroys th<' vitamin. 

Vitamin is identiiad witli an hexuronieaeifl (nseorbie acidl, isolated in ery^-'taliine 
form from adrenrd cortex as veil as h tiit juices. It. can be demonstraied in tin* uross 
by an inteust- blaekenins: jsrodueed ].«y silver nitrate on expostire to li‘,;I({. 'Die 
adrenal cortex in .<eurvy is depleted of fat and cholesterol as well as of vitamin Ck 
In sem vy tiie level of ascorbic acid is low in ihe. urine, and very low in the blood. 
In lu-alth the tissues shoulrl lie saturated with the vitamin, and wlien the five 
2;lbdicblf>rphcnolindo]ili(utol is injeeted intradcrmally it is discolored. This docs 
not occur when (iie vitamin is tieticient. 


Sct’HVY (.ScitnnbThfs). “-.Scurvy is the result nf a defieieney nf vitamin 
(* in the fufid. Once the sconrixe of .sailors and cx])lf>rer.s wlio were nn:d>le 
to carry sujiplie.s of fresli fruit and vecetable.s. it is nov,- siddoni .sfaui in the 
adult since it was found that lime juice would act as an.cxcellcnt preventive, 
'fhe reason for the jmiphylactic ])o\ver of tlic lime juice is, of cfmrsc, a 
modern di.sctivery. In v.ar. in hclcafruercd citic.s, etc., scurvy may still 
prove a menace. In some countries the potato i.s tlie chief aiitiseorbutie 
article of diet during tlu* winter months. In such a country as Ireland a 
jmtato famine lias often been accompanied by an ontlireak fif scurvy. But 
it is in children iliat the disease is most likely to he staui at the pn'sent day, 
for modern methods tend to destnty the vitamin in the ehild'.s natural food. 
Scurvy is practically never nnU with in Itreast-fed ehililren. But it nmy 
devfdoji in hfd tie-fed babies, for the sit'riiizat ion of the milk (hoiling or 
pastcurixatioiB dt'.stroys the autisef»rbutie vitamin. Even kfa-ping tlie 
milk instead of using it fresh lessens the vitamin eont<uit. 'I'he adflilion of 
orangf' juice to ,<terilized milk re.stores to the full its antiseorl)utie pf»wer. 

'I'he obvious /exfotix- oj .'■ntrni are bimor.rjiiig(xsju]djxbat}g«yjnjh(ybonf‘s. 
But the O'Neill ial underlying Itxsion i.s an tis-iie.s 

tf> proihtee and maintain iiiteree-lluiar suivstaiif-es. The efiVet_is.ni! cells 
of mesenc-hymal origin in cffiitrast to tlie ectodermal and entoflermal effects 
of vitamin A flefieieiiey. 'I’lie inttW’lluiar .suhstanees concerned an* the 
collagen of all fthrous lissiie.s, the matrix fd lione. dentine and eariilage. 
and all iion-e-piiheliai cement stiWtn.nee ineluding tliat of ^•a^eula^ endo- 
tluTmm. 'flic weakening oTtbe caiuBafyAvalls is responsible for the hemor- 
rhage which form's so prominenr a bxiinre nf flic disea>e. 'i'here may be 
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hemorrhages in thejkin, mucous membranes, muscles, lungs, nerve_she_ajths, 
un;de£Ihe'penbsteum^ and into tHe'jomts; ' Hemorrhage in the adrenals is 
one- of the earliest changes in experimental scuryy. The giiina-are_soft,. 
spongy, and bleetLreadily and the teeth may fall out. If the teeth are 
bad^ the n'louth and breath become very foul. Bcmejormation^is brought 
to a standstill, and as the normal process of bone absorption still goes on 
the bones become rarefied and fragile. The formation of the cartilaginous 
and bony matrix ceases, the osteoblasts become elongated, assume the 
.shape of fibroblasts, proliferate, and accumulate between the bone and 
periosteum, forming a thick cellular layer devoid of matrix into Avhich 
massive hemorrhages occur. Characteristic lesions are seen at the epiphy- 
seal line. The normal nan-ow line of ossification is broadened and dense, 
giving a pathognomonic picture in the roentgen-ray film. Fragments of 
bone are scattered about, and hemorrhages are frequent. It is not a disturb- 
ance of calcification as in rickets, but of ossification, ^^^len a proper diet 
is given, osteogenesis is rapidly resumed. 


I 7 ifanlik Smmj {Barloin's Disease).— Infantile scurvy is similar to adult scurvy, 
but the symptoms due to the ijone lesions dominate the picture. The legs are 
so tender that the child screams if they are even touched. This tenderness is due 
to suliperiosteaUiemorrhagcs. Growth of the bones is naturally in abeyance. The 
^ums may be tender and bleeding. The disease usually appears in the second 
ludf of the first year. After the second year it is seldom seen in an acute form as 
the diet is more varied, but there may be minor manifestations which are often 
unrecognized. 

Vitamin E.— This is the antisterility \dtamin and belongs to the fat-soluble 
grouj). It is present in growing things, and is especially abundant in .the. wheat 
germ, i)ut is contained in sufficient quantity in lettuce, meat, whole wheat and other 
fot)ds. Deficiency of the vitamin produces different lesions in the two sexes. In 
tlie male the siieiinatozoa are destroyed, and there is finally degeneration of the 
entire ^eIniniferous epithelium. In the female the ovaries do not appear to be 
iiijureil, fertilization of the ovum occurs, ami gestation commences, but about the 
eighth day in tiie rat [lathological changes set in, in the placenta and thejfetus 
dies ami is absorbed. In addition to its effect on the reproductive function, ■vitamin 
E is a necessary factor for the pivscrvation of the integrity of skeletal muscle. MTen 
female mice are maintained on a vitamin E low diet but are given a single dose of 
vitamin to ensure the birth of living young, the offspring show marked necrosis of 
skeletal muscle in 20 ]scr cent of cases with early calcification (Pappenheimer). 

I'riAMiN K. In 1030 Dam, of Copenhagen, noticed that chicks fed on a deficient 
diet developed hemorrhages owing to the loss of coagulating power of the blood, 
and that thi' vns iireventcd by giving alfalfa. The coagulation factor in the alfalfa 
was extracted, crystallized and finally synthesized. It was called Koagul.ations- 
\ itamm or vitamin K. The vitamin is necessary for the manufacture of prothrom- 
hm, so that when the vitamin is deficient the prothrombin in the blood is low. 
ll'lmiatiou of the I'lasma prothrombin thus affords a simjile method of determining 
if theie i- denciency of vitamin K. Such deficiency in man is probably never due to 
I'.'.' k oi the vitamin m the food. It doe.s occur in ob.structive jaundice and in hemor- 
th-.-m • diHM-e o! the newborn. Unless bile Is pre.sent in the bowel vitamin K is not 
ah'-erln'.!, icoth.rondnn is not mimed in sufficient amount, ami hemorrhage occur.s. 
In cj’ 'fr; rti-, bikyls ]',reventcd from entering the bowel. This explains the 

mat kfi tvt'.d'.mcy to bleeding after operations on jaumliced patients. The bleeding 
eaf. he p’eumt'd by t!-.e ad.ndni<tration of bile and vitamin K, or by giving the 
'v:.!' .,t; • •.iia.mm, hy moiitl, (tlw synthetic j'roduct i.s ahsorbed without the assist- 
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ance of bile), or intravenously. If .the.livcr.is severely jlamaged (cirrhosis, amyloid, 
etc.) the administration of vitamin K is of no avail, because it is in the liver that 
the prothrombin is produced which is essential to coagulation! The explanation 
of 'bleeding in the newborn is that vitamin K is produced by the action of intestinal 
bact eria, and these are absent during the first few days of life. At birth the baby 
has sufficient prothrombin from the maternal blood, but this rapidly falls, and there 
may be severe and even fatal hemorrliage, particularh’- intracranial. This can be 
prevented by giving the mother vitamin K before delivery. 

Most of the work on the vitamins has consisted of devising special 
food mixtures and inducing in experimental animals such striking pictures 
as those of scurvy, rickets, and beri-beri. It is probable that in man, 
particularly in children, many minor disturbances may be due to defi- 
ciencies in diet. The reader is referred to INIcCarrison’s very interesting 
book for a discussion of this matter, McCarrison is of the opinion that 
much of the gastro-intestinal disorder so common at the present day is to 
be attributed to a deficient and ill-balanced diet. He says that the health 
of the alimentary canal is dependent on vitamins B and C, that lack of 
B gives rise to changes like colitis, while lack of C causes congestion and 
hemorrhages of the bowel even though the patient never develops the 
classical manifestations of scurvy. He shows that many of the organs 
atrophy in deficiency disease, but that in all of the deficiencies there is a 
remarkable enlargement of the adrenals. 

The laboratory worker concentrates on producing a single deficiency in 
the experimental animal. In man many of the deficieney diseases are 
multiple deficiencies, for dietary deficiency is rarely confined to a single 
factor, at least in this country. For this reason the administration of pure 
vitamins is rarely sufficient for a cure, and is never a substitute for a good 
general diet-. In 1939 over 886,000,000 were spent by the United States 
public in buying vitamins. It is better and infinitely cheaper to get one’s 
vitamins from the grocery store, where they have been manufactured by 
Nature, than from the drug store where they have been manufactured by 
man. 
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fatal cases not treated with tannic acid (Baker). The matter is compli- 
cated by the fact that tannic acid tides the patient with burns over 
the first few critical days, and it is only after this interval that the liver 
lesions either of burns or tannic acid become apparent. In the Hospital 
for Sick Children, Toronto, careful autopsy examination on tanned and 
untanned cases of burns showed liver necrosis in 61 per cent of the tanned 
eases, whereas no liver necrosis occurred in the untanned group (Erb, 
iMorgan and Farmer). I have seen bilateral necrosis of the renal cortex 
due to thrombosis. A large amount of blood pigment may be deposited 
in the kidney, particularly in the straight tubules. The adrenals are much 
swollen, deep red in color, and show numerous hemorrhages. Hemorrhages 
are present under the endocardium and epicardium. Acute duodenal 
ulcers occasionally develop, perhaps due to the action of toxins absorbed, 
perhaps to emboli. 


Heat Stroke.— This is essentially a paralysis of the heat-regulating mechanism 
caused by exjiosure to excessive heat. The actual temperature required depends 
on the humidity and varies with different persons. Heat loss is largely regulated by 
sweating, and some people can })erspire very little. Complete saturation of the air 
with water vapor when the temperature is 90° F. causes an uncontrollable rise of 
body tcmjierature. When the air temperature exceeds the body temperature all 
loss of heat by radiation ceases, and regulation of temperature is entirely dependent 
on sweating. A distinction is often drawn between heat exhaustion and heat stroke. 
It is doubtful if they differ other than in degi’ee. In heat cxkavsiion the heat- 
regulating mechanism is severely strained, and the patient manifests weakness, 
])allin', stui)or, and low blood-pressure. The temperature may' be slightly raised, 
i)ut on the other hand it may be subnormal. In heat stroke the heat-regulating 
mechanism is overwhelmed, and the tcm])erature may rise 10° or more. One case 
is on record in which the temperature reached 117° F. It should be noted that the 
loctal temi)erature may be much higher than the temperature in the mouth or the 
axilla . 

Heat stroke may be caused by direct exposure to the sun, the condition known 
as sun stroke. The ultra-violet rays have no relation to the condition. But the 
same effect is produced by exposure to any great heat, especially when combined 
with mavkevl humidity. Men in steel works, engine rooms, etc., often suffer in this 


way 

In the condition of heat stroke the patient may die with startling suddenness. 
He may fall down unconscious, a condition known as heat apoplexy, not uncommon 
in ^oldicrs on forewt marches in tropical countries. Even in the les.s sudden cases the 
]iatu'ut may miou become uncon.H-iou.s. In heat exhau.stion the skin may bo moist, 
but m heat stroke it is usually dry and burning; the patient tijrjiear.s unable to 
pci>s>iic. The temperature may rise to great height.?, but not in every ea.se. 

The p'.iO.o’o'jiral k),-ions are very indefinite. The chief autojisy findings are 
petccl'.iai honmrrhagos in the .skin and mucous membranes, hyperemia or jictual 
liei'.a C l h.ages in the bruin, ceiebral and pulmonary edema, enlargement of the sfileon, 
un i ckraiy swelling of the liver, kidney.'; and heart. The water content of the brain 
IS hiali. Futiviits wiiii a teuq«.Tatuve of ll0° F. have recovered, but such a temper- 
utme can only ]k.‘ emlurci for a shoit time, for it hms been shown experiinentally 
t'.iat teuipurature mi 10'' • F. if long continued will cause coagulation of thi> globulin 
i.r t:.c c.v' Ve After death ircuu heat stroke the body .sliows very rajiid and very 

!'u r i.v.i I ipT m'.'rt;-. IVlnrortem dci-ompo.sitii.m al'O .sets in verv quicklv. 
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COLD 

Death from Freezing.— When a person inadequately protected is 
exposed to severe and long-continued cold, the blood is driven from the 
surface into the interior of the body. The temperature gradually falls, 
metabolism slows down, and the patient is overcome by the irresistible 
and fatal desire to sleep, so well known to mountaineers caught by bad 
weather at high altitudes. "^Wien the temperature reaches 70° F. tlie 
heart stops. 

Frostbite.— The action of extreme cold on exposed paiTs of the body 
(nose, ears, hands, and even feet), especially when combined with the rapid 
loss of heat caused by wind, is to produce frostbite. As in the case of burns 
there are various degrees. In mild frostbite the part, which is at first white 
and bloodless, becomes red, swollen, and very painful during the process 
of thawing out. In more marked cases there is some necrosis of the epi- 
dermis, with formation of blisters and subsequent desquamation. In the 
severe cases there is necrosis of the entire part and gangrene. If the cold 
is sufficiently great the fluid of the cells is crystallized, and the cells are 
torn to pieces by the ice crystals. In ordinary cases the major factor in the 
production of the gangrene is the ischemia due to extreme contraction of 
the blood vessels, together with damage to the capillaries with the formation 
of hyaline thrombi. 

An important element in the production of ischemia and anoxia is the 
process of stasis, which occurs quite early in frostbite (Kreyberg). As a 
result of severe injury to the ^■essel wall there is exudation of the fluid 
elements of the blood, so that the red cells become agglutinated into a 
jelly-like column which blocks the lumen effectively with resulting necrosis. 
This condition is known as sludging of the blood. The process is reversible 
if treatment be not delayed too long, even though the tissues have been 
frozen solid. The word stasis is here used in the Continental sense, rather 
than in its usual connotation of slowing of the blood stream. 

High altitude frostbite in aviators presents a special problem. In an 
airplane at great altitude the face can be exposed to severe cold for several 
hours, but under similar conditions the fingers suffer to such an extent 
that gangrene may result. Intense reflex vasospasm of the peripheral 
arterioles causes ischemia and local anoxia. The constriction, which is 
almost instantaneous, occurs chiefly at the terminal end of the arterioles. 
This is followed by damage to the endothelium of the terminal capillary 
loops, with increased permeability of the loops or thrombosis at the 
arteriolar-capillary junction. If extravasation of fluid occurs before throm- 
bosis the hand may become dropsical owing to accumulation of fluid 
between dermis and epidermis, or blistering may occur. In cases where 
amputation of the fingers has been necessary later the arteries may show a 
remarkable fibrous thickening of the intima apparently unrelated to 
previous thrombosis. 

LIGHT 

Light is a form of energy and may act as an irritant just as does heat. It is made 
up of vibrations of very varjdng wave length. The shorter the wave length the less 
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is the penetrating power and the more are the rays arrested in the skin where they 
excite iiritation. The rays beyond the short wave end of the visible spectrum 
(ultra-violet) create most irritation, while those beyond the long wave end (infra- 
red) arc most penetrating and cause least irritation. Light may affect the body in 
the following ways: 

1. Ultra-violet light produces the condition kndum as sunburn. This is independ- 
ent of heat, for climbers on high snow peaks may be severely Inirned. The greater 
the altitude the more severe is the effect, for the short wave rays are no longer 
filtered out by a thick layer of atmosphere. Direct sunlight is not necessary, for 
the most severe burn I have ever experienced was on a day of thick mist in the 
Aljis. The sensitivity of the skin varies much in different persons, depending on 
the amount of melanin it contains. Blondes burn much more readily than brunettes. 
The ])rocess of tanning (not burning) consists in a deposition of melanin in the more 
sujrerficial layers. 

The jiathology of sunburn is the same as that of a first degree burn. There is 
intense hyperemia, a varying degree of edema, and some emigration of leucocytes. 
Tlie edema may be so great as to raise the skin in blisters. Marked desquamation 
may follow the burn. 

2. Those whose occupation exposes them for long j^eriods to bright sunshine, 
c, (?., farmers and sailors past middle age, often develoj) thickened patches or kera- 
toses on the skin of the face and back of the hands. The importance of these kera- 
toses is that not infrequently they form the starting-point of carcinoma. 

Probaljly related to tliis condition is the rare but remarkably interesting disease 
known as xeroderma pigmentosum. This appears to be a congenital hypersensitive- 
noss to the action of light. In young children following prolonged exposure to sun- 
liglit there appear jiatches of erythema which go on to ])igmentation. These 
])atclies then liccoinc rough and scaly, warty elevations appear (ker.atoses), and 
many of these become cancerous, so that the disease is usually fatal before the 
twentieth year. Metastases are rare both in this disease and in carcinoma following 
senile keratoses. There may be several cases in one family, but it is limited either 
to the males or the females. 

3. A hypcrscn.sUitrnis.'i to light may be present. In one of the rare inliorn errors 
of metabolism, hemntoporphyria congenita, hematoporphyrin is present in the 
blood ami aiqiears in the urine; the skin is hypersensitive to bright light, developing 
ve-;ieles. The bones are pigmented. Even more remarkable i.s the sensitization 
wliich follow.-; tlie ex|)erimental injection of hematoporphyrin. When an animal is 
tieatcd in thi> way it becomes as sensitive to ordinary white light from which the 
ultra-violet rays are excluded by red glass as i« a normal animal to ultra-violet rays. 
I'he hcmatuixiriihyrin apiiears to act as a sensitizer in the jdiotograjihic sense. 
B'hen the sensitized tixsues arc exposed to ordinary light there is a complete stasis in 
the vcs-els followed by necrosis. Exiiosure to intense light is followed by acute 
ecncral effects, i. t., excitement, convulsions, and death in the cour.se of a short 
tune. 

-1. Ultra-violet light exerts a photochemical action on the lipvb of the skin. The 
chut-teiol of the xkin seems to be activated by ultra-rdolet light and converted into 
v!t:aum D. Sunlight or the ultra-violet light from a meieury-vapor lamp i.s as 
efhcr.ciou-; m the tieatmeirt of a vitamin D deficiency disease like rickets us is the 
a.li-.sini-tration of cod-liver oil. 


Ti.c i-;. 

.■'.cbi’.V 


ELECTRICITY 

-age <,f an clcrtri- current thiough the body m:iy eau.-;e burns of varving 
■ ng-.y !.-nU m death; the latter cumlition is known as electrocutioin 
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The local effects are those of a burn. The current enters the bod}" at one spot 
and leaves it at another. It is at these points where resistance is encountered that 
e\ddencc of the burn is most marked. At the point of exdt the lesion is particularly 
severe, as in a gunshot wound, the tissues sometimes showing radiating tears. The 
point of e.xit is often on the feet, as the current leaves the body there to pass into 
the ground. The burn may be of any degree of severity. It usually does not look 
as bad as it really is. At first it is dry and bloodless, but in the course of tliirty-six 
hours marked hyperemia and edema have developed. Little ca\ities may be found 
in the epidermis, supposed to be caused by the sudden generation of steam. A 
slough separates, and the ulcer thus formed is singularly slow to heal, usually taking 
two or three times as long as in the case of an ordinary burn. 

The general effects resemble those of any severe burn. In fatal cases the viscera 
are congested, the serous membranes show petechial hemorrhages, the lungs are 
edematous, and the right ventricle is full of dark fluid blood. Death is probabl}" due 
to respiratory rather than to cardiac failure, for the patient may sometimes be 
resuscitated by prolonged artificial respiration. The muscles are flaccid, although 
during life they may be in a state of severe tetanic spasm. There may be chromato- 
lysis and degeneration of the nerve cells. The blood vessels are severely injured for 
they serve as good conductors of the current, so that tlmombosis and severe hemor- 
rhages are common. In judicial electrocution the current is applied to the central 
nervous system and death is instantaneous, so that most of the above changes are 
not found. 

Lightning produces the same results. There may be all kinds of skin wounds — 
puncture wounds, lacerations and bruises. Bands of scorched skin may pass from 
the point of entry (usually the head) down the body to the point of exit. The most 
characteristic feature is the so-called current markings or lightning figures, peculiar 
arborescent red lines on the skin which are probably caused by the current being 
split up in dendriform fashion within the body. 


ROENTGEN RAYS AND RADIUM 

The destructive effect of roentgen rays and radium is identical, so that 
they may be considered together. The alpha rays and soft beta rays of 
radium are absorbed in the superficial layers and are therefore destructive 
to the skin; the hard beta rays and gamma rays penetrate readily and there- 
fore are less likely to burn the skin. The alpha rays are the most potent 
agent known to science. They are 10,000 times more destructive than the 
gamma rays owing to the terrific impact of the alpha particle, and we shall 
see presently what happens when they exert their influence on the interior 
of the body. Fortunately they are very readily screened out; a thickness 
of 1 mm. of tissue is sufficient to stop them. Roentgen-ray burns were 
common in the early days before the importance of screening Avas under- 
stood; they are seldom seen now. The radiations act primarily on the 
nucleus of the cell, not on the cytoplasm. The normal cell is far more 
vulnerable during division than in the resting stage; the same is true of 
tumor cells. _ ^ ■ 

Radioactive isotopes produce effects similar to those of radium and roent- 
gen rays. An isotope is one of two forms of an element Avhich are chemi- 
cally identical yet differ slightly in atomic weight by virtue of possessing 
an additional neutron in the nucleus. Thus stable phosphorus is referred 
to as whilst radioactive phosphorus is The effect of radioactive 
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is dissolved in the blood plasma. As the result of sudden decompression this gas is 
released as bubbles in the blood, and these form emboli particularly in the brain 
and spinal cord. Numerous small infarcts of the central nervous system are pro- 
duced in this way and are responsible for most of the symptoms. Bubbles of gas 
may also be liberated in the nervous tissue and cause disintegration. 
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INJURIES CAUSED BY CHEMICAL POISONS 


The subject of the action of chemical poisons on the body is a very large 
one, and is adequately treated in textbooks of toxicology and forensic 
medicine. For this reason many textbooks of pathology make no reference 
to the subject, and I considered the advisability of omitting the present 
chapter. But the medical practitioner may at any time have to perform 
an autopsy on a case of suspected poisoning, and it is desirable that he 
be familiar with the pathological findings caused by some of the more 
common poisons and the precautions which should be observed in collecting 
the material for chemical analysis. 

Poisoning may be suicidal, homicidal or accidental. In a case of sus- 
pected poisoning which may assume medico-legal importance extreme care 
must be taken in performing the autopsy. The external appearances should 
be noted. Everything should be recorded in writing and nothing left to 
the memory. The stomach and bowel must be kept. \Mien there is a 
question of diffusible toxins such as arsenic and strychnine, it is well to keep 
all the internal organs and much of the muscles. These various specimens 
are sent to the chemist for chemical analysis. They must be put into clean 
glass jars, which are then stoppered, sealed, and labelled. No preservative 
of any kind should be added. 

In the description which follows only the commoner and everyday 
exogenous poisons are discussed. The endogenous poisons produced as the 
result of abnormal metabolism and bacterial poisons (toxins) are not 
considered. 

CoERosiVE Acids.— The strong acids most likely to be taken for suicidal pur- 
poses are sulphuric, nitric, and hydrochloric. They are similar in action, and 
produce burns not only in the stomach, but also in the mouth, pharynx, and esopha- 
gus. Tlie lesions of the lips must not be overlooked. The stomach is contracted as 
the result of irritation and thrown into folds. Patches of necrosis are scattered over 
the folds, and if the patient lives long enough the slough separates and leaves a 
raw surface. Similar changes are seen wdth all corrosive poisons. The acids vary 
as regards the color of the burns. With sulphuric acid the burnt tissue is brownish- 
red or black, with nitric acid it is yellow, and with hydrochloric acid white. The 
microscopic appearance is one of necrotic tissue on the surface with intense inflam- 
mation of the surrounding tissue. The acid removes water from the cells and dis- 
solves epithelium and connective tissue. Nitric acid poisoning is common in muni- 
tion works where smokeless powder is made from nitrocellulose obtained by treating 
cotton ^vith strong nitric acid. If the fumes of the acid are inhaled severe inflam- 
mation of the larjmx and trachea is produced. 

Caustic Alkalis.— The strong alkalis (caustic soda, caustic potash, and lime) 
are also corrosive in their action. They dehydrate the cells and saponify the fats. 
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The common form of alkali poisoning is by commercial lye taken either for suicidal 
purposes or accidentally by children. The lesions are similar to those of the cor- 
rosive acids. There is severe burning of the lips, mouth, throat, esojdiagus, and 
stomach, with acute inflammation and softening of tissue. Should the patient 
recover, cicatricial stricture of the esophagus often develops and sometimes stricture 
of the pylorus. 

C.^uBOMC Acid.— Strong carbolic acid is so easily obtained that it is commonly 
used for suicidal purposes. The picture differs in several ways from that of poisoning 
by other strong acids. The burns on the lips and in the mouth, throat, and stomach 
have a peculiar opaque, dead-white ajjiiearance. The stomach is contracted, and 
the dead jiatches are seen on the summit of the folds. Phenol is not a corrosive 
acid. It is an excellent fixative, so that the tissue instead of being destroyed is 
perfectly fixed. It follows that although the gross appearance is so abnormal, the 
microscopic picture is actually more normal than usual, because the customary 
Ijostmortem changes in the stomach are absent. If the patient survives for some 
time the dead tissue will become detached with separation of a slough. The effect 
of dilute carbolic acid is rather different. The tissue is not killed and fixed so com- 
pletely, and an intense hemorrhagic inflammation is the result of the irritation. 
When the stomach is ojDened in carbolic acid poisoning the characteristic color of 
jihenol can be recognized. 

ConnosiVE Sublixla.te.— This substance is also a favorite with suicides. Wlien 
bichloride of mercury is taken in the form of a concentrated solution and in large 
quantity it fixes the tissue in the same waj' as does phenol. Grayish-white patches 
of coagulation necrosis are surrounded bj' an area of intense inflammation. When, 
as often haiipens, tablets are swallowed, they produce severe local necrosis with 
deep ulceration. After a few days a second set of symptoms develops connected 
with the colon and the kidney. By whatever route mercury enters the body, 
through the skin and mucous membrane (vaginal douches) as well as by the mouth, 
it is excreted into the large bowel, where it produces an intense hemorrhagic colitis. 
It is also excreted by the kidney. The cells of the convoluted tubules show extensive 
necrosis, and there is marked sup])ression of urine and sometimes anuria. In the 
course of a week or less there occurs an “acute calcification” of the renal lesion, 
calcium salts being deposited in the masses of neerotic cells, many of which lie free 
in the lumen of the tubules. This very rapid calcification is a rem.arkable phenom- 
enon which is difficult to explain. 

AnsEMC. Arsenical iioisoning may be acute or chronic. The acute form is 
usually suicidal, Paris green, rat poison, etc., being easily obtained. Chronic arsen- 
ical poisoning may lie homicidal. Many of the famous murders in history have been 
accomifiishcd i)y the continued administration of small doses of arsenic. Fashions 
cliange, however, and more violent methods are now in vogue. Arsenic is an intense 
irritant , so that in acute poisoning there is severe hemorrhagic inflammation of the 
entire gastvo-intestinal canal. The poison is excreted into the bowel, giving an 
enteritis as well as a colitis. Paris green or crystals of arsenic nni}' be seen in the 
folds of the stomach. In chronic iwisoning the lesions are mainly in the skin and 
the nervous systenv. There is pigmentation and extreme kcratinization of the skin. 
The ncrxous changes are mental disorders and paralysis of the peripheral nerves 
<iuc to neuritis. Aiscnicai poisoning may be the result of the careless administration 
of arsplicuaminc and other arsenical prep.arations. In these ca.ses the chief changes 
arc o[)tic atrophy witli blindness and extensive necrosis of the liver. The latter 
Ic'ion i.. often fatal. 


Piio-rnor.vs. -Thi> i.< likely to be taken in the form of rat poison or the phos- 
piioi i!' iua\ be obtained from the heads of matches. Phosphorus poisoning may be 
utc u! (.luotiic. liv the acute form there is a hemorrhagic inflammation of the 
stomach. The ci'.aracteristic smell of phosphorus may be detected when the stomach 
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is opened. After an interval of some clays there is acute necrosis of the liver with a 
picture of acute yellow atrophy, accompanied by intense jaundice and widespread 
hemorrhages. Phosphorus is one of the most potent causes of fatty degeneration, 
and this change is present in marked degree in the liver, kidneys, heart, and even 
the voluntary muscles. Chronic poisoning is due to exposure to phos])horus vapor, 
and is an occupational disease. Apart from fattj' degeneration the chief lesion is 
necrosis of the jaws (phossy jaw) with destruction of bone and loss of the teeth. 
The process is depencient on bacterial infection, commencing around the roots of 
carious teeth. In this and other respects it closely resembles the lesion of industrial 
radium poisoning. 

Leao.— I xad jDoisoning (idumbism) differs from those already described in being 
chronic in type; acute lead poisoning is of no importance. It is usuall}' an occupa- 
tional disease, the lead being inhaled in the form of dust or fumes or absorbed 
through the skin. White-lead workers and pottery workers are liable, and painters 
unless they wash their hands well before eating. A severe anemia develops, of 
which the characteristic feature is an extreme degree of basophilic granular de- 
generation (stip])ling) of the red cells. In no other disease is this change so marked. 
A blue line (lead line) of lead sulphide appears at the junction of the gum and the 
teeth, owing to the action of sulphuretted hydrogen on the lead. Constipation is 
a marked feature, and there may be painful colic. Peripheral neuritis affecting 
particularly the musculospiral and peroneal nerves may lead to drop-wa-ist and 
cb’op-foot. There may be depression, delirium, convulsions, and mental changes, 
with degenerative changes in the cerebral cortex like those of general ])aralysis. 

Lead poisoning in children, a fairly common l)ut usually unrecognized disease, 
presents manj'' jDoints of special interest. It is often mistaken for ])oliomyelitis. 
The incidence is highest in infants and young children with erupting teeth, who put 
painted objects containing lead (j'ellow paint is specially dangerous) into their 
mouths. Many suffer from perversion of appetite (pica), and lick the paint off their 
cribs and the furniture. The child may drink water containing lead or inhale fumes 
from storage battery casings used in the stove for fuel. In Japan congenital plumb- 
ism is common, owing to the pregnant mother covering her face and neck with 
cosmetics containing lead. Gastro-intestinal sym])toms (vomiting, colic, constipa- 
tion) and anemia may be marked, but the most striking symijtoms are those of lead 
enccjihalitis, i. c., a change in the mental state, \dsual disturbances, coimilsions 
and coma. The blood-pressure may be raised, there may be choked disc, and even 
separation of the cranial sutures. The actual cerebral lesions are merely minute 
hemorrhages and cellular infiltrations; the sym])toms are caused by rapid increase 
of the intracranial pressure due to intense cerebral edema, as a result of which the 
brain is swollen, the convolutions flattened, and the medulla pressed into the fora- 
men magnum. The cerebrospinal fluid i)ressure may be as high as 700 mm. of water 
(normal 120 mm.). Peripheral neuritis is rare. The lead line on the gums is seldom 
seen in children (no doubt owdng to the healthy condition of the mouth) and 
stippling of the red cells may be absent. One of the most useful signs is a lead line 
in the bones in the roentgen-ray film; there are zones of increased density at the 
growing ends of the long bones, where lead is deposited in place of calcium. This 
line is rarely absent, even in mild cases. 

Much of the lead is stored in the bones. Parathyroid extract, with its well- 
known effect on calcium metabolism, causes both calcium and lead to be mobilized, 
removed from the bones, and excreted in the urine. There is a corresponding rise 
in the blood calcium. Much of the lead can be rapidly removed in this way, but 
the remainder is firmly united to the bone and is only excreted slowly. Acid-fast 
intranuclear inclusions may be found in the liver and kidney at autopsy. These 
inclusions may be of diagnostic value in difficult cases. 
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Phussic Acid— Hydrocyanic acid and the cyanides are suitable for suicidal 
purposes because they are so rapidly fatal. The poison is not corrosive, _ but the 
gastric mucosa has a bright chestnut“bron n color. The blood remains fluid. The 
poison kills by acting on the nervous system and the heart, and there are no 
special post-mortem lesions, but the characteristic peach-kernel smell can often 
be detected when the stomach is opened. 

Alkaloids.— The poi.sonous alkaloids sucli as opium (morphine), strychnine, 
cocaine, atrojiine, etc., produce no characteristic postmortem changes. Their 
detection therefore depends on chemical analysis. 

Alcohol.— Methyl Alcohol.— Methyl alcohol, so common an ingredient in 
bootleg liquor, and used for “denaturing” ethyl alcohol, is highly toxic. The 
deaths which follow the drinking of “canned heat,” etc., are due to methyl alcohol 
poisoning. In these cases there is nothing to be found at autopsy apart from severe 
gastritis and a smell of alcohol in the stomach, lungs, and brain. After a few hours 
this smell may disappear. If the patient recovers he may be blind from optic 
atrophy. 

Ethyl Alcohol.— Ethyl alcohol may also produce death in a few hours if taken 
in suflicient quantity and concentration. The postmortem findings are the same 
as those of acute methyl alcohol poisoning. If the patient has lived a few days there 
may lie marked edema of the brain. The effects of chronic alcoholism are very 
debatable. Undoubtedly resistance to infection is lowered, so that the patient may 
die of jmeumonia, etc. hlanj' degenerative lesions are attributed to chronic alcohol- 
ism. Among these are cirrhosis of the liver, chronic gastritis, chronic nephritis, and 
arteriosclerosis. The direct relation of any of these to alcohol is more than doubtful 
iiut it may act as a contributory cause. Chronic alcoholics undoubtedly show a 
marked fatty degeneration of the liver, a lesser degree of fatty change in the heart 
and kidneys, atrophy of the seminiferous tubules in the testicle, and cerebral edema 
or “wet brain.” 

CuLonoFORM.— A person may die while under chloroform anesthesia, or may die 
an.acute death after swallowing the liquid. In these cases there are no characteristic 
postmortem changes apart from the odor of chloroform. The patient maj' die later 
of “delayed chloroform poisoning,” and autopsy will reveal ])rofound fatty degener- 
ation of the liver, heart, and kidneys. Death is due to interference with the function 
of these organs, jiarticularly the liver. 

CAnno.x Monoxide.- In carbon monoxide poisoning the gas may come from 
illuminating gas, from stoves or furnaces, from the products of explosions in coal 
mines, but the mo.st imiiortant source at the present day is the exhaust from auto- 
mobiles. A car running in a small closed garage will generate enough gas in a few 
minutes to kill a person. Garage workers breathing a smaller concentration may 
.suffer from a train of symjitoins such as headache, vertigo, and weakne.ss. Traffic 
policemen ilirecting \'ery lieavy automobile traffic in large cities mav suffer from 
minor forms of iioisoning. 

The carbon monoxide combines with the hemoglobin, rejilaiang the 0X3-gcn and 
forming carboxyhemoglobin. The patient therefore dies of asph3’xia. But in 
addition there seems to be a direct itoisonous action on the vital center.s, for the 
patient may iH-cnme imcon-^cious with extraordinary suddenness. It is this rapidity 
of action winch constitute.s the great danger of the gas in concentrated form. As 
the carboxyliemoglobin is of a bright color, the face, the blood, and the viscera 
a-Hime a cherry-red. This and a markedly fluid blood constitute the chief post- 
mortem changes. If the patient should live for some days a remarkable bilateral 
necroo,. i< found in the lenticular nucleus of the brain, being mo.st marked in or 
c'.mtmed to llie globus pallidus. It is the iron of the hemoglobin with which the 
carbon mn.mMde unites. It is therefore possilile that the gas niav combine with 
tire iron in the walls of the vessels of the globus pallidus, the iron content being 
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higher than in any other vessels of the body. The necrosis is probably due to ische- 
mia, which in turn is probably caused by tlirorabosis of these small vessels. 

Botulism.— Although botulism is caused by a bacterial poison it may for con- 
venience be considered here. The to.xin is formed by the Bacillus botulinus {botulu.s, 
a sausage) -which grows in spoiled sausages, preserved meat, canned vegetables, 
fruit, rijie olives, etc., especially those preserved by home canning in which the 
temperature employed is insufficient to insure sterilization. Thus the poison is 
ingested ready-made, and is not manufactured inside the body. It is easily de- 
stroj’-ed by heat, so that cooking renders the food harmless. It is extremely powerful, 
and even small amounts may cause death. Like the tetanus toxin it does not act 
at the point of absorption, for there is never any evidence of gastro-intestinal 
irritation. The symptoms are entirely cerebral, and are apt to be mistaken for 
those of epidemic encephalitis. Indeed, the first cases of the latter disease which 
apppeared in England were thought to be examples of botulism. The most char- 
acteristic sj’-mptoms are ophthalmoplegias (squint, double \’ision), jitosis, and 
difficulty in swallo-wing and in speech. All of these are due to cranial nerve palsies. 
The postmortem findings are merely those of toxemia— clou dj- swelling, petechial 
hemorrhages, etc. 
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HEREDITY AND CONSTITUTION IN DISEASE 

HEREDITY IN DISEASE 


Ix the causation oWisease two great fact ors-ahsvays demand consideration; these 
arc bnvironment antf'jieredity- So far we have been concerned for the most part 
wilirthe emdronmental diseases, those caused by bacterial, ' animal parasites, 
trauma', physical irritants, chemical poisons, etc. For the last century or more, 
medicine has concerned itself with these extrinsic agencies which are more readily 
.studied and for which more can be done than in the case of hereditary defects of 
the germ plasm. Far reaching and profound observations have been made in the 
])ast, above all by the Austrian monk Gregor Mendel in 1866, but the modern 
study of heredity and the explanation of the phenomena observed by IMendel d ate 
from the beginning of the present century with the rediscovery of his princTj^ of 
segregation in 1900. This study has served to show, were the proof needed, that 
men are not created free and equal, but handicapped from the beginning. 

The iNiiimiTANCE of Disease.— Unit characters may be transmitted from par- 
ents to offsiiring, and their characters, depending on whether they are dominant or 
recessive, will ajiiiear in the first or second generation provided the breeding is con- 
trolled. In addition to such characters as color, shape, size, fertility, vigor, length of 
life, etc., definite defects may also be transmitted, and these constitute hereditary 
disease in man. It is at once evident that the study of these defects is a very dif- 
ferent mattei' from the investigation of the mode of transmission in peas and guinea- 
l)igs, for in the ease of man breeding is a matter of chance beyond control. Man}' 
of the hereditary diseases are relatively rare. For those reasons there has been a 
tendency on the part of the medical profession to minimize the importance of 
heredity and to exalt that of environment. There is a gi'owing feeling, however, that 
many of the commoner degenerative conditions of middle life, such as arteriosclero- 


sis, may have their genetic rejaesentation in the germ plasm. 

A dwtinction is sometimes drawn between /mai/io! and hereditary disease. This 
distinction is entirely imaginary, for familial disease.s are always hereditary. “Wlien 
botli parents must transmit the defect before it becomes recognizable we have the 
s(>-c;illed familial cases, but tins is merely an example of a rece.ssive character. The 
paicnts n(H-<l not ;uul generally do not exhibit the defect them.selves, as is evident to 
anycuie faniiliar with the i)rinci])les of genetics. A ‘'familial disease” is one in 
which the pathological character is rece.ssive, a ‘'hereditary disea.so” is one in which 
it is tloiuinant. A lece—ive <-havacter nvay he transmitted indefinitely in the germ 
pla.-m without coming to light until it meets a .similar recessive from another strain. 


Di^cc.h’ factors in man. are generally dominant, but they may bo reccs.sive or .sex- 
imked. A di'Case, / . ij.. dia.betes mcllitus, tiuiy in one family apjiear to be hereditary 
and in anotlaa- familial, dejiending on the distribution of the genes for diabetes in 
the I hii)na''"'nc-. A eoniji.nitnl defect i- one which is present at birth, although it 
m. sy only deveh i;,r Liter to a Mifhcieiit degree to be detected clinically, e. g., congenital 
cystic kiJnc}-, <'(i!!gc:iital cereijtal aneurism. This defect may be hereditaiy, but 
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frequen% it is acquired in niero; congenital syphilis, for instance, should not be 
called liereditary S 3 '-phiUs, for it is not transmitted by the germ jjhism. 

Swipk Dominant Inheritaiuc— This is the simplest tyj^e to recognize. Each 
affected individual has an affected jjarent and gi-andparent. The heredity is not 
sex-linked. Examples are brachydactyly (short fingers and toes), multi]fie cartilagi- 
nous exostoses, progressive pseudohj'pertrophic polyneuritis, hluntington’s chorea, j 
multiple polyposis of colon and rectum, sickle-cell -anemia, dial^etcs insipidus and s 
angioneurotic edema. All of these diseases are commoner in tlie male, and arc often j 
transmitted by the male. In one family there were 23 cases of dialjetes insii)idus \ 
among' 91 members in 4 generations. 

Simple Recessive Inheritance —It is much more difficult to recognize a simple 
recessive heredity from the family history than a simple domintmt. The factor 
must be present in a duplex condition from both parents in oi'der that the individual 
may show it. The affected individual results from the mating of two i)arents who ’ 
are outwardi}’ normal, but are really heteroz 3 ^gotes or h 3 d)rid carriers (DR-f DR= 

DD, 2 DR and RR, RR being the only one to exhibit the disease). Normality is 
nearly always dominant to defectiveness. That is one of the blessings of a receskve 
character. A lethal gene may be paffed wfith a normal (dominant) gene, but its 
possessor goes through life unconscious of the fact that genetically he is half dead. * 
The factor for the defect may be handed down through many generations of normals, 
until a chance mating of two heterozygotes occurs. It is inbreeding which is likelv 
to bring out a recessive character . It is of importance, however, to realize that 
ml)reedmg (consanguineous marriages as between cousins) is only bad wlien hidden 
harmful characters exist in the stock. It is harmless and even beneficial when f bp. 
hereditary constitution of the stock is sound. Examrfies in man: amaurotic fam ily 
idiocy;, retinitis pigmentos a, Friedreich’s ataxia , a lkantonuria . xero.djBrjna.„pjg;- 
mentosunn ? 

'^ex-linJ^d Zvi/ierftonce.— Theoretical^ the character carried by the sex or X ! 
chromosome may be dominant or recessive. In practice no examples of dominant j 
inheritance are known. Recessive sex-linked inheritance is ver 3 ^ readih’ recognized, * / 
in distinction to the simple recessive autosomal form. The male, who has only one j / 
(affected) X chromosome, will exhibit the defect. The female has also one affected 
X chromosome, but it is held recessive b 3 ’’ the other normal X chromosome. She 
is therefore a heteroz 3 ’'gote or carrier. If 1)3’ rare chance she should inherit two 
affected X clu'oraosomes, one from each parent, she would ])robably show the defect. 

The carrier female transmits the defect to half her sons, and half her daughters will 
be carriers (heterozygotes). If both parents are affected, all the offsjDring will be. 

The reason wh 3 ’', as a rule, only half the sons inherit the disease and half the daugh- 
ters become canders is that in the heteroz 3 '^gous female onR one X chromosome 
carries the taint, and there is an even chance that this is the one which m.ay be lost * 
during maturation of the ovum. The criss-ci’oss inheritance of the sex-linked 
diseases, the defect traveling by the route father — ^ daughter grandson is due 
entirely’^ to the movement of the sex-determining clmomosome. Important exam])les 
of sex-linked inheritance are hemophilia, color-blindness, night-blindness, and 
Leber’s hereditar 3 ’- optic atrophy. ■" 

A ver 3 ’’ large number of diseases, for the most part rare, are now sup])osed to have 
their origin in some hereditar 3 '^ defect in the germ plasm, although; for reasons al- 
read 3 ’' discussed, the ph 3 ’sician ma 3 ’ find it impossible to establish the hereclitaty 
factor in an isolated case. A good idea of the number of these diseases can be 
obtained b 3 ’’ consulting the list in Macklin’s article in Medicine, 1935, 14, 1, or in 
Crew’s Organic Inheritance in Man. A few of these merit brief reference. 

Blood diseases include hemophilia, pernicious anemia and sickle-cell anemia. 
Hemophilia, a perfect example of a sex-linked recessive character, has already been 
considered. Pernicious anemia usually gives little or no e\’idence of a hereditary 
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tenclenc}' unless a very full family tree can be drawn up, but several cases of achylia 
f^astrica may be found in the same family, and this condition undoubtedly precedes 
the onset of pernicious anemia. It looks as if the achylia were a hereditary char- 
acter, the operation of some extraneous factor occasionally jirecipitatinK in such 
persons an attack of the disease. Sickle-cell anemia behaves as a dominant. Eosino- 
philia may be familial. I have studied two brothers, in one of whom the eosinophils 
averaged SO per cent and in the other around 20 per cent. Hemorrhagic telangiecta- 
sis, a condition characterized by spontaneous bleeding from dilated vessels in the 
nose and mouth and the appearance of red spots in the skin commencing about 
the time of puberty, behaves as a dominant. One of the most striking examples of 
human heredity is afforded by the blood groups, the agglutinogens acting as 
dominants. 

Mdaholic disorders belonging to the group called by Garrod the inborn errors of 
metabolism are hereditary in origin. Members of this group are alkaptonuria and 
cystinuria. Diabetes insipidus is a dominant character, at least one parent also 
showing the defect. The lipoid storage diseases (Gaucher’s disease, Xiemann- 
Pick’s disease, etc.), and abnormal glycogen accumulation (von Gierke’s disease) 
likewise have a genetic basis. Heredity is usuall}- strongly marked in gout. 

The skclclon is often tiie site of iiereditarj’- defects. Ivluitipie cartilaginous 
exostosis is also known as hereditary deforming chondrodysplasia, a name which 
announces the inherited nature of the defect. Brachydactyl 3 ', or short fingers, the 
first example of Mendelian inheritance demonstrated in man, is a simple dominant. 
The fingers have only two phalanges, the second and third being fused owing to 
absence of an epiphj'sis in the former. A similar type of defect in the hand has been 
transmitted from one of Henry the Sixth’s nobles in the loth centurj- to descendants 
rning at the present day; the recentlj’ exhumed skeleton of the original earl showed 
the same bony change. Fragilitas ossium, a condition characterized bj- multiple 
fractures and .«ometimcs associated with blue sclerotics, may show a verj' marked 
familial tendency, nearly alwaj'S dominant. Males and females are about equally 
affected, transmission taking place equally through both sexes. 

The nert'ovsoTid neuro-musadar sysle7m furnish a large varieh-of hereditarj’ diseases. 
Progressive muscular atrophy, pseuclohypertrophic muscular dystrophy (dominant 
or recessive or .se.x-linked), Friedreich’s ataxia (dominant or recessive), hepato- 
lenticular degeneration (Wilson’s disease), peroneal atrophy, amj'otonia congenita, 
myotonia congenita and man\' others are familial in character due to inherited 
defects in the germ plasm. Muscular tremor may be markedly hereditarj’, and is 
usually dominant. 

The sldn and its appendages show a variety of inherited defects. Mention ma.v 
be made heie of Ijaldness, which is markedly hereditarx’ in character. It is much 
commoner in men than in women, being dominant in males, but recessive in fe- 
malc.«. The male may inherit it from father or mother, but the mother, being 
heterozygous, is not bald. Xeroderma pigmentosum, a disease of the skin occur- 
ring in childhood and characterized by the occurrence of inflammation when 
cx])osed to the sun with sub.sequent development of multiple cutaneous carcinomata, 
b recessive in all cases. Von Recklinghausen’s disease, or multiple neurofibromatosis, 
is alwtiYS dominant, but in some cases pigmented areas take t})e place of tumors, 
so that the dominant character is apt to be overlooked. 

Eih dhutsfs constitute one of the largest groujrs and serve to fill the blind asxdums. 
Ghief among the.se may In? mentioned retiniti.s pigmentosa and hereditary optic 
atrophy (Ix'ber's disease), the latter offering an excellent example of a sex-linked 
di-eaw.-, Ix-ing confined to the male but transmitted through the female. Blue 
ttlt.‘iotie> i- .in ocular manifestation of a defect of connective tissues in general, 
inriudim; the Ixanes (fragilitas os.sium). The blue color Ls due to the underh'ing 
i liorii'.d shinina th.rough the thin sclerotic. Tlie condition is a good example of a 
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non-sex-linked defect. It is not transmitted by those not affected, it appears in 
both males and females, it is transmitted from fathers to sons and daughters and 
from mothers to sons and daughters. The defect is of course not carried in the sex 
chromosome. Color-blindness and some forms of night-blindness (the patient 
becoming blind at dusk owing to lack of the visual purple in the rods of the retina) 
are both sex-linked. Coloboma of the iris and its extreme form, known as aniridia 
or absence of the iris causing blindness, are markedly hereditary. Risley records 
an extraordinary and tragic family history in which one blind man had 13 children 
who were all blind, 01 blind grandchildren out of 63 and 39 great grandchildren out 
of 42, a total of 113 blind offspring out of 118. A strong argument for eugenics. 
Glioma of the retina (retinoblastoma), a neoplasm which is fatal unle.ss removed 
early, often shows a marked hereditary tendency. In a family of 16, 10 died of this 
tumor. It is always recessive. There is a marked hereditaiy tendenej' in all vari- 
eties of cataract, and in amaurotic family idiocy. Strabismus is dominant in some 
families, recessive in others. 

Mental diseases are often due to a defect in the germ plasm. Dementia prajcox 
offers a good example. Huntington’s chorea is an example of a simple dominant 
autosomal character. One family from Long Island has furnished i^ractically 1000 
cases of this disease. Some tyi)es of feeble-mindcdncss are inherited as simple 
reccssives. Matings of feeble-minded persons with oath other gave only 6 normal 
children out of 482 from 144 such unions (Goddard). The 6 normals may have been 
a mistake, as in the case of two feeble-minded white parents who had 10 feeble- 
minded and 2 normal children, but the two normals were black! Amaurotic family 
idiocy and IMongolian idiocy are always recessive. 

Heredity in cancer is a difficult matter to pass judgment on. It has already been 
discussed in connection with tumors, so it will only be touched on here. “In the 
question of human cancer heredity, all existing statistical evidence is valueless for 
any exact information on the subject” (Wells). People do not know what their 
gi-andparents and great aunts died of, and if they did, the diagnosis would be as 
often wrong as right. Moreover, an hereditary character may be transmitted 
through a son incapable of showing that character, c. g., a bull is valuable because 
it comes of a famous milk-producing strain. A woman noth cancer of the uterus 
may transmit that gene to her son, but it cannot manifest itself; it may be trans- 
mitted in the same way to a grandson, and the fatal character may finally ajijiear 
in his daughter. In such a case it is natural tliat the heredity tendency .should be 
completely lost sight of. One of the neoplasms in which the influence of heredity 
is best seen is polyposis of the rectum and colon with its marked tendency to become 
malignant. Dukes records the case of a man who died of rectal cancer at the age 
of forty-two years. He had 9 children, 7 of whom developed rectal cancer; 5 were 
already dead, 1 at the age of twenty-seven years. The disease also appeared in the 
next generation. It is impossible to believe that in such a case as this there was not 
some hereditary defect in the germ plasm which acted as a determiner for cancer of 
the rectum. A man and his wife had cancer of the stomach, and 6 of their 7 children 
died of the disease. The seventh was killed at the age of twenty-eight years in an 
accident. In the experimental work on mice the incidence of cancer, its site and its 
character were all influenced by heredity. It is worthy of note that the larval stage 
of Drosophila suffers from a .sex-linked entodermal tumor, which kills one-quarter 
of the males and is transmitted by the unaffected females. 

Twins provide a singular opportunity to study the effect of heredity and constitu- 
tion on disease. In the case of identical (monozygotic) twins, one serves as a control 
animal for the other. It is as if we were watching one indi^ddual leading two.ph 5 xsi- 
cal existences. Margolis and Eisenstein give the following examples, of disease 
developing more or less simultaneously in both twins: (1) Tumors. Twins develojied 
retinoblastoma of the left eye ^Yithin a few months of each other. Cancer, of 
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ri'glit testicle appeared in both at the same time. (2) Nervous and mental disease. 
Dementi.'i prffico.v, paranoia, and otlier mental disorders have developed at the 
same time. (3) Non-infectious .systemic disease. At the age of sixty twin brothers 
developed diabetes characterized by the same set of symptoms, and both died within 
a few months of each other. Tnin sisters in New York and San Francisco developed 
diabetes at the age of fifty-two and died within a short time of each other. Other 
disea.ses which have developed simultaneously in twins are lymphatic leukemia, 
nephritis, asthma, bronchiectasis, cataract, and Hodgkin’s disease. (4) Infections. 
Twin sisters developed tuberculosis of the right kidney within seven months of 
each other. Many other .similar examples could be given illustrating the profound 
imi)ortance which origin from a common germ plasm has on the development of 
di.=ease. 

CONSTITUTION IN DISEASE 


The subject of constitution is bound up with that of heredity. It has become the 
custom rather to smile at our medical foi-efathers when they talk in their matings 
of the weak constitution of the patient, but the central doctrine of Greek medicine 
was that of temiieraments and constitutions, and the conceptions of Hippocrates 
are woidhy of consideration even at the present day. Constitution, according to 
Draper, who.«e monograirh on the subject should be consulted, is “ that aggregate 
of hereditari.'d characters, influenced more or less by enmronment, which determines 
tlie individual’.s reaction, successful or unsuccessful, to the stress of environment.” 
.lohn Hunter, Addison, and other great clinical observers of that period believed 
firmly that the habitus or pln'sical form of the individual bears an important rela- 
tionship to disease. This physical form is the anatomical aspect of constitution, 
and altliough by no means the onlj' aspect it is the one which has been most carefully 
studied and the only one which will bo considered here. “The anatomic features of 
an individual form one of a set of basic unit characters, predetermined by heredity, 
and influenced to some extent by environment, which together make up the con.sti- 
tution ” (Draper) . The anatomical aspect is related to the physiological, psychologi- 
cal and immunological asijects, and it was a recognition of this fact which formed 
the basis of the marvellous unconscious skill of the older physicians. The three 
basic elementb of the disease problem are Man, the lesion, and the environmental 
stress, and we arc so much engaged with the two latter that the first is apt to be 
forgotten. 


The ca])acity of an individual to react to the environmental stress is a constitu- 
tional (lualitr , jvist as specific as body size and capable of being transmitted to his 
olNpring. Ijongevity, which is the result and expression of a good constitution, is 
certainly inherited; everyone knows of families, the majority of whose members 
reach the late seventies or eighties, no matter what kind of life they may have led. 

e have already seen that this is the case with resistance to infection. Sex, which 
is coiwidered lielow, has a profound influence on disease reactions, and this is dc- 
tcrnsiiaHl by the jnesence or absence of an extra chromosome. In some way this 
imi-t be finked with the commonness of gall-bladder disease and the comparative 
larity of chronic peptic ulcer in the female. Size of body has been shown in animals 
to be a unit character. The entire skeleton may be altered by a defect in a single 
gene, and the iierson may Ik* a giant or a dwarf. In this instance the determiner 


.'ippears to act through an endocrine gland (pituitary). Race may play a jrart in 
picdi'po.'itioii to a <fisc*asc. Thus certain diseases are peculiar to the Hebrew race, 
--tmaurotic huuilv idiocy is practically confined to Jewish diildren, while Gaucher’s 
di'-ea.K' and Niemunn-Pick's disease are much commoner in these children; Buer- 
diabetes melfitus, and pento.suria are eommoner among Jews. 

Ti-.e / /ihiPKV or gciua al huild of the body is a resultant of a combination of height 
a.ud ue’.gUt. On this ba.-)s it is jxissible to divide persons into the sthenic and a.s- 
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thenic groups. The sUimic indi\’idual is short and stout, with a wide costal angle 
and deep chest, inclined to be florid, of cheerful sanguine disposition, liable 'to 
gall-bladder disease, arterial hypertension and likely to die of arteriosclerosis, 
apoplexy or coronary occlusion owing to defects in his germ plasm at the time of 
conception. The asthenic individual is tall and thin, with a narrow costal angle, a 
pallid countenance, easily fatigued and inclined to ije melancholy; he has a long, 
drooping stomach which empties poorly and intestines which sag, so that his melan- 
(ihoiy may be aggravated by dyspepsia and consti]jation. He is a likely subject for 
peptic ulcer. He seldom has heart or arterial disease and is likely to be long-lived if 
he escapes tuberculosis in youth. The gall-stone man seldom has ulcer; the ulcer 
man seldom has gall stones. The pages of Shakespeare and Dickens are filled with 
immortal characterizations of these types. 

The Influence of Sex. — The question of sex has alreadj'’ been considered in 
connection with sex determination and the se.x-linked inheritance of disease. We 
have now to consider sex from the standpoint of human constitution, i. e., the 
mairner in which it influences the reaction of the indi^^dual to the stress of en\dron- 
ment. In such a discussion the organs {peculiar to either sex must be excluded, only 
those common to both being considered. When this is done the surj^rising fact 
emei-ges that very few serious organic diseases are commoner in the female. Most 
diseases of the gastro-intestinal tract, respiratory tract, blood vessels, heart, bones, 
joints and urinary tract are commoner in males than in females. Some diseases 
such as thromboangiitis obliterans are almost confined to the male, while others 
such as angina pectoris, coronary occlusion, peripheral arteriosclerosis, i^ernicious 
anemia, leukemia, lymi)hosarcoma, etc., are more frequent in that sex. The gall- 
bladder is a notable excei)tion to the general rule, and to a lesser degree mitral 
stenosis. Functional disorders, on the other hand, such as Raynaud’s disease, 
hypertension, migraine, hysteria and chronic nervous exhaustion are commoner in 
the female. There is a higher mortality for the male throughout till the periods of 
life. This cannot be e.xplained away, as is commonly done, by reference to over- 
work, industrial hazards, abuse of alcohol and tobacco, venery, etc., for the difference 
in the sex mortality is most striking in intrauterine life and during the first few years 
of childhood. There a]D]oears to be an inherent weakness in the male, a sex-linked 
inferiority, so that by comparison with the female he is a weakling at all periods 
of life from conception to death. This holds true throughout the animal kingdom, 
the males being shorter-lived. As Allen remarks, the price of maleness is weakness, 
and woman is far from being '‘the weaker vessel.” Only a few organic diseases, 
such as those of the gall-bladder and thjToid, are commoner in females. 
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THE I-IEAHT 


Dbscrittive OcTLiKB. — 111 (lescrihing the gross appcnrance of the heart one 
must consider the pericardium, pericardial cavity, the size and weight of the lieart, 
tliG myocardium, auricles, ventricles, endocardium, valves (cusps), valvular ojien- 
ings and coronary arteries. The pericardium is smooth, shiny, thin and translucent. 
There is a varying amount of subpericardial fat. The pericardial cainhj contains 
from -o to 1 ounce (10 to 30 cc.) of clear, straw-colored, serous fluid. The size can 
only be learned by frequent observation of the normal. It may be increased or 
diminished in disease. The average U'cighl is 300 grams in the male, 250 grams in 
the female, but these figures will be considerably exceeded in a big muscular laborer 
or reduced in a tiny fragile woman. The weight is largely dependent on the thick- 
ness of the left ventricle, and varies directly with the arterial blood-pressure, of 
which it is a fairly reliable indication. The myocardium has the reddish-brown 
color of voluntary muscle, and a consistence which may be increased or diminished 
in disease. To opc?i the heart begin with the right auricle, passing the scissors through 
the mouths of the superior and inferior vena cava, and follow the direction of the 
blood flow into the right ventricle, left auricle, left vcntilcle, and aorta. The cavities 
of the auricles and ventricles are noted for dilatation and their walls for hypertrophy. 
The ^vall of the right ventricle is about 5 mm. thick, that of the left ventricle 10 to 15 
mm. The endocardium lining the ca\uties is smooth, .shiny and translucent so that 
the underlying muscle can be seen, but frequently the lining of the left auricle is 
thickened, white and oi)aque. The valve cusps should be as tliin and smooth as 
fine silk. The commissures of the aortic valve, i. c., the points where the cus])s 
arc joined together, have no api)rcciable thicknc.ss; .any widening of these commis- 
sures is an indication of di.sease. As regards the valvidar openings, the mitral shouhl 
admit two fingers (two cusps) and measure about 7.5 cm. in circumference; the 
tri(!usi)id should admit three fingers (three cusps) and measure about 10 cm. in 
circumference. The chordae icndincx attached to the mitral valve are slender fiber.s 
which may become thickened and .shortened. Finally, the coronary arteries are 
opened and inspected. 


The heart consists of three main analoinieal elements, the-myocardium, 
tlie pericardium and the- valves. Any or all of these may be the scat of 
organic disease. It must he remembered, however, that no organ is in- 
ihieuced to so marked a degree by iieryous,stimnli.and,-what-arc commonly 
referred -tn as the emotions. As my eolleague, l')r. Allan AYalters, has 
pointal-out, the simple everyday words of our language te.stify to the 
trutli..^of this-stntemeut. We say that a pers(>n .lslieavy-hearted. hard- 
hearted, heartless, good-hearted, that his. lieart.aiches with loneliness, 
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flutters ^vitl] alarm or stops with fear. Although cardiac symptoms may, 
therefore, have an emotional rather than an organic basis, we are concerned 
in this place primarily with structural changes. 

LESIONS OF THE VALVES 

Rheumatic Disease of the Heart.— The heart is a pump, and as impair- 
ment of the valves of a pump will wreck its efficiency it is natural that 
attention should have been focussed on rheumatic disease of the valves 
(endocarditis). Rheumatism, however, is a piuicatditis,-unJufectipn^pf the 
fibrous-tissue- of. .all -paxts-oLthe.. h eart (endo cardium, myocardium, and 
pericardium), nor .does.tlie aorta. escape. ' 

The bacteriology and the general pathology of rheumatic fever have 
already been discussed in Chapter 7. It was there pointed out that the 
disea.se was anJnfection-of-the-fibrous-tis.sues-of-tlie body accompanied by 
the formation.of .a.characteristic.pathologicaLlcsion, the Ascboffimodule. 
This lesion is seen in most typical forms in th e jnyocardium, but lesions 
sufficiently distinctiva to be recognized occur in the cardiac valves, peri- 
cardium, synovial membrane, periarticular tissues, skin, etc. The damage 
' yA' is primarily to the supporting tissues, i. e., collagen and elastic tissue. The 
change is fibrinoid_ degeneration, followed later by actual necrosis. 
' hixudution characterizes the early stages, proliferation the later and finally 
C\^'' Tibroys. In the valves this leads to postinflammatory adhesions and con- 
^ traction wit h a ccompanying stenosis or incompetence, in the myocardium 
it leads to scarring, an Jum theTpcricard ihm to adhesions. Rheumatism 
\ A" may lick the joints, especially-in.children,.. but.it certainly bites the whole 
heart. It is the valvular ratlier. than the myocardial damage which is the 
chief threat to the patient. Rheumatic heart disease is predominantly a 
disease of childhood, youth and early adult life. Probably more than 7,0 
. per cent of the cases occur before the ag'ebf twenty, the peak of onset being 
between the ages of five. and ten. 

There .seems to tje no doul)t tliat allergy pl.ays an imi)ortant part in the prodnetion 
of acute rheumatic lesions, although the evidence is only indirect and circumstantial. 
^ Peri!ir1ei iti.s nodosa ha.s been reproduced l)y Rich and Gregory o.xperimentally by 

' injecting serum into i)reviously sensitized animals. Cardiac lesions simitar to those 

of rheumatic fever vserc jnesent in the.se animals. IMcKeown, injecting horse serum 
' into rabbits iircviausly sensitized, produced lesions confined to the cardiova.scnlar 
' ■ system. The lesions were identical with those of human rheumatic. fever, and were 
jnc.-ent in the myocardium, endocardium. uikL valves. In some animats the only 
k 'ion was valvulitis. The scrum lesions were found most frequently in the mitral 
valve, and were never seen in the imlmonary valve. It is believed that the factor 
rc'iionsible for sensitization in acute rheuinati.sm is the hemolytic.jstrcidococciis. 

^ .m.vi l.m: Lk.sio.ns.— By far the commonest valvular defect resulting 
from rheumatic lever is mitral stenosis. In the aortic valve there may be 
a moderate degree ol incompetence (never so complete as in the syphilitic 
form! or, more rarely, stenosis which years later may take the form of 
so-calledi calcific sclerosis. Tlie lesions of the valves on the left side are 
more e.vtreme owing to tlie greater strain on those valves. The mitral 
\ alvv sutlers inure trequently in Avomen, the aortic A’alve in imm. The 
reason fur this is not known. If the valve ring, to which the cusps are 
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5il.l4iched„an(Lwlli?i!x is rtadly thc_pLmiinnl.,par.tjo{ tiie„yalye^ lie cxnpiincd 
niKToscopically, all four. valves will be fonnd to lie iDVolyed, in rnost cases 
(Gross and I'Viedberc) . ] n tlic mitral and aortic vnl\-es the process is usually 
projiressivc, less often in the tricuspid, and least. indlic pulmonary, so that 
in the two latter ^rross lesions are. corres{}dndihgly' iimC seems 

to be.ein. in l.lu' valve rings, although the jirbnary focus in the case, of the 
mitral, is probablu tlic- wall of the.auride, and, in the case of the aortic the 
root- of'the aorta. Infection may readily sjircad between the mitrid.-aoi!tic 
and tricuspid ring.s.bv way of the. iutcrvalvular.iibrosa and tlic septum 



Fig. 1G3. — Rheumatic endocarditis. A bead-like row of vegetations runs along 
the lin(! of contact of a cusp of the mitral valve. 

fibrosum. diic dose proximity of a filwous .pericardial wedge, to most of 
the valve rings favors spread of infection from pericardium to \'{dves. It 
must be understood that the rings may show microscopic lesions although 
the cn.sps. remain free. 

The essential lesion in rheumatic endocarditis is the presence of rheu- 
matic nodules in tlic endocardium of the valves. This leads to a difiuse 
thiehening~of the cusps. An additional although not essential feature is 
the formation of rheumatic. vegetations. These are tinyJjeacL-lilve.-W'arty 
(vei:rugose)jipdnlcs arrmiged in a Jpw algiig the margin of. contact„(not_the 
free .mai^ginj of the cusps, an d therefore on their proxinial aspect. (Fig. 
]()3. ) They consist of platolet throrabLdeposited on the raw surface which 
rc.suits from ..trauma -to the .endothelium of.. the_ valve along thc,.line of 
contact. ' This trauma is greatest on the left side of the heart where pressure 
is. liigliest, but when mitral incompetence develops the .pressure on .the 
right side also rises, so that if the, infection recurs vegetations will be formed 
on.llie .tricuspid valve. ' Tlmy are.hrjn_and adherent, so that they are iiot^ 
detached .by ..the..heart’s,action. For this reason embolic.^plienomeha' are 
not .seen in. rheumatic endocarditis, ^^hen they are rubbed ofl, the uiider- 
lying'snrfacc is rmy. TliFmnral endocardium ina\- al.so he involved. On\ 
the posterior wall of the left auricle, just above the iiiitraLyalveTherc nuiy j 
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b(i-a-rf)ugli-thi€kencd..patcli„whicli„becomes,scarred,ifiter,-and may £(>rm_u 
-/I nidu s for Stre ptoauiXUSj:iridnns. This is often called the U.QcCktUjtvi jmtcli. 

*' - microscopic picture is that of a valvulitis as well as 7 an_enclpca;rditis: ' 

;.';^.'' 5 lany ne^v3•&ssel5 have been for m ed in the thickened valve, and inflam- 
r m irt or v cells are gro uped in relation to thesd vessels. ' Tliese are the. same 
•• ■■■■ cells y-hich,coustituteJtjje Aschdff'nbdiile,' 6 f wlii^f the_most characteristic 
is thc-large jmdtinuclcatcd A.schdff cell; lyutJd'e.aiTangement is more^diT^ -"■ 

and less di.stinc tive th an it i s in the myocardium. Leary has 'described a 
.special-type of- endocardial icsiorTiiTthe very early, cases. This takes the 
- - form of a pali.sade of cells set at right angles to the surface along the contact 
■ . edge of the valve. 'Edema,. a. marked feature of the inflammatory lesion, 

' .accounts fof much of the swelling of the valve. There is fibroblastic prolif- 
' '. eration_, followed later by the produetion of fibrous ti ssue . Meanwhile the 
endothelium. covering the cusps degenerates, particularly along the line of 
closure, andjs soon lost. I’latclets are deposited on the raw surface together 
with a certain amount _o,f fibrin, and it is these which form the A'egetations. 
Fibroblasts _aud.. capillaries invade .the vegetations, ..and . these become 
converted into.gran.uhituuiAisstie and organized, so that finally they blend 
with the thickencfl -valve and become indistinguishable. The inflammation 
is not confined to the valves, for the endocardial lining of the left auricle 
may. show the same typejifJesion. In th e acute stage there is roughenin g 
aiul in the chronic stage thickening of the surface lining. The chordfc 
tciidinea? may contain Aschofl' nodules, and the subsequent fibrb.ds causes 
shortening of these cords which is so marked a feature of mitral stenosis. 

In old lesions of the mitral valve the cusps show gross T'ascularity, the 
principal vessels being small thick-walled arteries or arterioles of inusculo- 
clastic type (Koletsky). This vascularity may be regarded as one of the 
stigmata of rheumatic fever. 

The conse(]ncnccs of all this are fatal to the health and efficiency of the 
\ alve. During the acute stage the inflamed edges of the cusps adhere 
together, and with the onset of fibrosis these adhesions become very firm, 
so that the cusps cannot open as they should, and there is narrowing or 
.stenosis of the \al\es, l)oth mitral and aortic. The new fibrous tissue 
makes the cusps rigid, and its contraction both in the cusps and in the 
‘ehorda* tendinea' still further aggravates the stenosis so that the mitral 


o]H'ning nia\ ai)])ear as a mere .slit or button hole, or as a rigid funnel when 
\iewed from the auricular aspect. Calcification of the injured cusps is 
<■0111111011. It attains its most extreme forni in the' ao'rticA-alve of nVen over 


middle age in the lesion known as calcified nodular aortic stenosis. 

Mvoctupi.vL Li'.sio.Ns. — The typical myocardial le.sioa.,is. the Aschoff 
nodule, wliieh is fully described in (’ha])ter 7 . There is little to be seen in 
the gros.-^ ajipearance of the luuse.le. in-un acute case e.xeept a dilatation of 
the left \ eutrii'le, but tin\’ white specks mar'Jie seen under the endocardiuin 
ot the lett \entri<’le. and left. auricle. '1 he.se are the Aschofl bodies. They 
aie r>e;itteu*d througli tile fibrous ti.ssue oi the inyoeardiuin, most abundant 
at the b.l^e ot the iiiterventricuhu’ septum, numerous in the left auricle, 
not .-so common on tlie riglit side. They are sulmiiliary in size, oval or 
!emim-'!iape<h and consist of a central necrotic, reticulated area, lyiupho- 
lilaviia cilN, ;(iid tlie <-haracteristie large imiltinucleated Ascholf 
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cells. (Fig. 'Phey are us\i:illy fmind in the adyentitiiil coal of inefiiutn- 

.sized arteries. The so-called AnitsddcfAv inyocyte is often found in large 
nuinl)ers in, the cardiac le.sions.4ilthotigh not.in rheuniatie lesions eisewln'rc. 
It is a (cardiac histiocyte which in inllainination shows increased oytoplasin.’ 
a higidy chariictoristic serratcd~bnr of chromatin in the center, of thej 
nucleus, and fibrils radiating from the bar to the periidiery. For a detailed' 
account of the finer features of the AsehofV body the paper by Gross and 
I'dirlich .should be consulted, in which will be found a description of the 
various stages of the life cycle, through which the lesion ])asse3. Fibroblasts 
are abund:uit and lay down collagen fibers, which replace the infiammat<.>ry 
lesion when the infection has died down. This may not happen for a long 



Fig. lO-l.— Large niuliinucleated 
Aschoff cell.s. X 1100 


Fig. 10.5. — Healed A-'^choff body. X .'>0. 


time, and. Aschoff bodies have been, found a number of years after the 
attack of rheumatic fever. As a result of the inflammation there is a varying 
degree of myocardial destruction, sonu'times very great. The end-result 
is scarring. As the Aschoff lesion usually lies alongside a blood vessel, so 
the rheumatic scar often is at the side of or surrounds a small arti'ry. 
(Fig. 165.) 

Aschoff nodules may not be found, for they are preseiit in only about 
SO per cent of cases. Tiiere may be a diffuse type of lesion instead of the 
circumscribed nodule. This is especially common in the wall of the left 
auricle, and the damage it causes may be responsible for subsecjuent auricu- 
lar fibrillation. Moreover the Asclioff nodule is merely the productive 
feature of rheumatic pathology. The exudative feature, though less marked 
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in the myocardium -than in the.joints,.is.also important- The inflammatory 
edema, Avhich is transient,. no. doubt interferes temporarily with the con- 
duction bundle, andisresppnsible for the.temporary-functional disturbances 
whicli.electrocardiographic studies sIrow.to.be present in over. 90 per cent 
of cases of rheumatic fever. 

Pericardial Lesions.— Rheumatismis-the commonest. cause, of, acute 
pericarditis. Tlie acntc stagejrresents little that.is. characteristic of rheu- 
matism; it is merely an acute serofibrinous inflammation of a serous 
membrane. The fluid exudate is small in amount, only a few ounces, and 
is serous, .never purulent. The chief, clement. is the fibrin.which is .deposited 
on both surfaces, of the . pericardium giving it a shaggy or “bread^iid- 
butte.r”..appearance, asjf tw.o„sliceS-of .buttered.bread had beea.stuck to- 
gether.and then pulled apart. Even where.no fibrin can be seen the natural 
g[oss.of the membraneaklost,- but-this may have to be looked for carefully. 

In the microscojnc picture an y rh eumatic l.esions are apt to be hidden by 
the acute inflammatory reaction, but an occasional Aschoff body may be 
found in the subendotfieVial tissue . The surface endothelium is cast off, 
successive layers of fibrin are laid down, and this becomes organized by the 
invasion of new vessels and fibroblasts. The inflammatory cells are mostly 
.lymphocytes. and plasma cells with only an occasional polymorphonuclear 
leucocyte. The inflammation extends- through the subpericardial fat down 
to the heart muscle. 

The (tficr-efeds vary. There may be merely one or two opaque .^\’hite 
patches of thickened epicardium known as )nilk spots. If absorption of 
the exudate is less complete there may be numerous adhesions. Finally 
there may be a completely adherent pcricardinm. Calcification of the 
lesions may occur, so that stony plates are formed on the surface of the 
heart. 


Aortic Lesions.— The* fibrous tissue of the aorta suffers in eotnmon svith the 


fibrous tissue of the heart, so that Aschoff bodies or more diffuse lesions may he 
found in tlie adventitia. Altiioufrh scars of the media have been described it is 
doubtful if tiie.se lesions ever weaken tlie wall sufficiently to produce an aneurism, 
thus differin;; from the similar but more extensive and destructive lesions of syphilis. 

Ri:i..\tion of Symptoms to Lesions.— The endocardial symptoms or rather signs 
are tlie i-ardiac murmurs. The mitral systolic murmur is due to mitral regurgitation, 
which in turn is due to myocardial wcakne.=s and dilatation of the auriculo-ventricu- 


lar ring. The mitral diastolic, murmur, on the other hand, is valvular in origin, and 
is due to the stilTiiess of the cusps and the narrowing of the opening. The intensity 
of the nunnuir deiiends on the iiower of contraction of the auricle, and as this 
becomes weaker in the late stages, so the murmur may grow faint. Aortic incom- 
petence with its diastolic murmur is due to retraction of the cii.sps and not to 
myocardial neakness, thus differing from mitral incomiietence. Aortic stenosis due 
to rheumatism is uncommon. The symptoms of cardiac failure are due in the main 
t<' valvnlAv disease. The miiocanUnl eft'ects may be acute or chronic. Tn the acute 
ste.ge tlieie may be death due to ventricular failure. In the chronic stage auricular 
lilt! illation develops, owing to the degenerative lesion blocking the path of the 
iinpube so that it goe.s around in a circle, and tlie pulse becomes totallv irregular, 
i lie I iia-f /i. I ii uohaf symptom Is jiain, just as the chief sign is a friction rub. Pain 
ofieu ab'.cnt. though friction may lx? well marked. The friedion rub is due to the 
iicczh suifacvs nilibing together, but it is proliable that some degree of tension and 
stietchitcg i- !,ect'S:ii v Ix-fore pain L produced, a.s is the case with pleural pain. 
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Subacute Bacterial Endocardiris.-~3i^ndo.carditis .duetto demonstrahlc 
bactcidajivavJ){\,.subjieutcj?r acute. Before the introduction of penicillin | 
tlie subacute form iised..to.juii a coursc of from two months to one or two;j 
years^ ^yhcreas, the acute form .was fatal, in Je.ss tlian.rix weeks. ' 

SY.Mn’OMs.— The jirincipal clinical features are continued fever, evidence of 
nuilt i))le oinbolisin, endocarditis, a ))ositivc blood culture (streptococci), enlargetnent. 
(>f the siileon, utkI cUibbin.g of the fingers. As a cause of continued fever the disease 
should he classed with tuberculo.sis, typhoid fe.ver, -sepsis, .juid undulant fever. If 
a jiatient, with a histpjy_of jU'eyious rheumatic fcycr.or.thcphy.sical signs of mitral 
stenosis ()!■ aortic stenosis or incnmi)eten.cc.devclops.,persi 3 tcnt evidence of toxemia 
such as malaise, weakness and fcver,_snbjicute l.)actcrial endocarditis. may bo diag- 
nosed even in the absence of embolic i)lK‘.nomena and a, 'positive blood culture. Tlie 
cinbolic phenomena are very varied: there may be crops of petechial hemorrhages 
in the .skin, j)ainful cutaneous nodulas .(Osier nodes), licmiplcgia (cerebral ve.sscls), 
sudden. ,blindiiess_in. one.. e3'e...(retinaL artery), ])etecliial hemorrhages in the retina, 
each with a white center (Botlr’s .sjjots), pain in the splenic region, blood in the 
urine, diarrhea, and vomiting (mesenteric vessels). The blood may show a })rogi'e.s- 
sivc luiemia and.a moderate leucocytosis, but often there is leucoi)cnia with relative 
lymj)hoc3'tosis. 

h'oianerly the outlook in fully. developed cases. was ])ractically hopeless. The 
heart was indeed beating muffled marches to the grave. The advent of penicillin 
therapy has greatly altered this outlook.. When this agent is used sufficiently long 
and in .sufficiently large doses the re.sults are remarkably good. In many cases the 
blood ra))idly becomes bacteria-frec and the course of the clisea.se is arrested. Much 
dc])cnds on the sensitivity of the.strain of infecting streptococci to ])enicillin. Even 
when all the bacteria arc finally killed, however, the ])atient may be left with 
badly .d:imagccl valvc.s, ancl be .niay. suffer from congc.stive heart failure and other 
cardiac. complications. 

/|i)TK)LOGY.— As a rule the infection attacks previously damaged valves. 
An active or healed rheinnatic lesion is present in from 75 per cent (Gro.ss 
and Fried) to 90_peiLccut (Clawsbny'bf eases. A epngenit al bicu spid aortic 
valve is a pre.disposing,xondition. Syphilis of the aortic valve is'TiTare 
antecedent. In a minority of cases the valves were previously healthy. 

In about 05 per cent of cases the infecting organism, is Streptoeoceiis 
viridans, so that the condition is sometimes called streptococcus viridans 
endocarditis. Tlic organism is of low Adridenee for' aliimals; 1)70 fatal_ 
issue seems to be due to the failure of the immunological forces rather tlian 
to. the virulence of thc.gernn 

'rhe ]wobablc sow:^(tf-~ivj'p€lum is the mgnt l) an d throat . 0'4>ansient 
bacteriemia, mostly- with. S.. .viridans,. is common after tooth. extraction 
.and tpnsilleetomy, especially when the gums are infected (Okell and Elliott). 
Even biting on hard candies will cause an immediate blood infection in 
cases of pyorrhea. It is easy to understand how a valve damaged by rhen- 
matisjn or by a congenital defect may he attacked by these circulating 
organisms. 

LESiON.s.—The lesions may be divided into three groups: (1) cardiac, 
(2) embolic, and (3) general. 

1 . The cardiac /tw2d7?.v .are mixmWA' vh'id ar; myocardial, and pericardial 
lesions do jjot play a prominent part as they do in rheumatic disease of 
the heart. It seems. probable that the infection is implanted pn the surface 
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of the injured valve, rather than carried into its substance by newly 
formed vessels. The mitral valve is most often involved, the aortic Amlve 

cominp nc.xt. Infection of the pulmonary valve is ^ erj raie. 

The lesions arc proliferative rather than destructive, but occasionally 
iar^e portions of the cusps are destroyed as in the acute ulcerative form. 
The characteristic lesion takes the formjif large friable, polypoid vegeta- 
lions, very different from the tiny firin' vegetations of rheumatic endo- 
carditis. '(Fii:. 1b(i.) They originate along the line Of contact (proxiinO 
aspect of tlie eusj)), imt may coyer the valve. At autopsy part of the 
valvular lesion may be calcified, shmying that there have been attempts at 
healing. A highly ' eiiaracteristic feature is a tendency for the vegetations 
to .si)read,oji_to the mural endocardium. This may be from the mitral 



t'n;. I(i(i. Sulxifuto Piiptcrial endocarditis. The friable vegetations, the mural spread, 
and the old thickening of the aortic cusps are .all very characteristic. 


\al\e to the wall of tlie left aurieie or the ehorilic tendiuea* which may he 
w t'aia’tied and riiiiture, or from the aortic valve to the wall of the ventricle. 

I he di'triimtiou of the vegetations on the left aurieie corresponds with that 
i>i tlie liieumatie lesion (MaeCallum patch) in that region. 

J/eTovro/f/co/P/ the vegetiitioiis are amorphous mas.ses consisting of. 
iiiM'i! platelets and fibrin. (Fig. Ui7.) A striking feature is the presence 
of t)aeteri;i on tlie surface of the vegetations. Thet' are best 

.'liown liy (irain s stain, (fig. HiS) hut are tpiite evident in hematoxylin 
and eo.jii preiiarutiou.;. In some eases they an* Imrh'd beneath a mass of 
anil iibrin; in sueli eases tlie blood eulturi' may be negative. 'Phe 
lal'e itM'lt inhhrated l>y moiionuelear cells, which are most imincrous 
at t!;c atia.e’uiwnt of the vegrtatioii to the cusp. Larger nmltimicleated 
( i d.' !it*T unu.-.e Aselioll ( i l!s jnay be present, 'i'here is a remarkable absence 
|„.]yrn,,r|,l,.„,ii,-!,-ir IwwocyTes. Xn b;icteri;i are found ill the siilistanee 
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Fig. 1G7. — Subaculc bacterial endocarditis. Larpe vefxetation on thickened valve with 
inas.«o.s of bacteria on the surface. X G.G. 


Fig. IGS.— Subacute bacterial endocarditis. Bacteria stained black on surface of le.-'ion. 
In this type of ca'C the blood cnliure would probably be positive. X oO, 
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ofjtlie-Y^I.v-e_\vliere-the-cclIs-are,.and there are 30 jceIIsaTnong 4 he bacteria. ^ 
Tliat is the \vc!ikncs 5 of t he situatioiufroBOJic -immunological standpoint.'’ 
Fjhr(lbJaats_ari;_pr^ent .injhc. deeper-parts of the lesion, .and calcification 
is,not-Uncnn]Tnon. -There is thus a distinct tendency to.repair. 

Myocnrdifil Icfiiniis arc not common. There may he Bracht-Wachter 
lesions, little collections of polymorphonuclear leucocytes around necrotic 
material, practically tiny ab.scesses. In other cases Aschoff bodies may be 
pre.sent. In the pcrirardlyni petechial -hemorrhages are common; but 
pericarditis is rare. 

2. EjiihoUc Jr.vnm are very common, as the vegetations are friable..aad 
easily detached. They are non-suppuratiyejn .contrast to -the suppurathie 
embolic" Icsions.of acute ulceratiye endpcarditis.. . The petechial hemorrhages 
in the .sHu and the 0.sler nodes are iisuallv regarded as embolic in origin, 
but there is no proof of this. It is more likely -that. theji represent a peri- 
vascular reaction to the endotoxin, possibly alleritic_irLJiature. -Large 
infarcts due to blocking of mediu m-sized ve ssels _areL.seen-in-the enlarged 
splrni and in..tlie'/i'(V/rfrys. i\Iany of the more minute lesions appear to be 
(hie-^to -toxic-n('crosis_.of ..vcsseLwalls.xather-than-to -emboli, .altlrough the 
namc.embolic is still retained. This is particularly true of the so-called 
fttcdl c)»/>u/fc r//fuacra/o»cp/u‘rYw originally described by Lohlcin and known 
as the Ldhlein lesion. Only a few glomeruli are involved and usually only 
a jjart of a glomerulus. A few loops of the tuft are blocked with an accom- 
liauyiug acute reaction, as a result of which red blood cells appear in the 
capsular space and pass out into the urine. Although these lesions were 
commonly ludieved to be embolic it appears more probable that the blocking 
of the loops is due to capillary-thrombosis and necrosis. Healing occurs 
owing to the ready access of-cclls-to tire irritant, and a homogeneous mass 
of ergani'/ed tissue is formed in one segment of the tuft, gmng an appear- 
ance which is pathognomouic-of this disease. In the acute stage. small red 
^pots are seen on the surface when the capsule is stripped oft’, an appearance 
known as the,“ftea-bitteu kidney.” Occasionally there is a diffuse glomer- 
ulonephritis with renal insufficiency terminating in uremia. In the ceniml 
nervous si/stein there may be cerebral embolism and softening in the internal 
c:ip> ule with a resulting hemiplegia, or tiny inflammatory lesions may .be 
scattered through the brain. The retina may show pathognomonic trans- 
ient ‘‘canoe-shaped” elliptical hemorrhagic spots with a pale center. 
Miiciitic (uieurisiiis may be proflueed in the cerebral, superior mesenteric, 
and otlier arteries. 


■ I. 1 he ijeueral lesions are of less importance. Some are due to cardiac 
iaihire, .some to toxciniar- Among the latter arc cloudy swelling and fatty 
degeneration oi the liver and kidneys, enlargement of the spleen, a second- 
ur> atwunu. and lit rave eases degcner.ative lesions of the spinal cord like 
tliose e{ .-.uhaeuie eoinhined degeneration. 

I he relihnnshijj i<< rheninniie heart disease has been un'estigated by a 
nVi’.nbi r oi xvorl:er> (('lansoii and Bell, iMacllwaine). Although bacteria 
aliiiiuie.nt in the one disease an<l lacking in tlu' other, the feeling is 
ih.e.t in mtiny ea^es oi .■<u!);!eute l>;icterial endocarditis the bacterial lesion 
I' so,p,.n;np.,v.d on a heart which is at the time of infection the .siteofactivc 
? e.ee.m. iUe ee.rditi^. and that the two diseases are etiologically similar 
c.t, ''nen e.n’erin'.: in tlmir ti-sue response to the infecting agent. 
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Hki.ation or Symi>tom.s to Lf.sions.--T!i(‘ cardie awnti (tnnr!nnf:<) arc. <]iic to 
the vegetations and the valvular destruetion; Butat first there may ho.no nninnurs, 
and of course nuirTiiurs arc no proof of an active endocarditis. Later in the* disease 
the vahadar insuliicicncy leads to cardiac deeoniiiensation ami enlargotnent of the 
heart. Cardiac pain is not nnconmion.. 1 know no ex])lanation of tins. Death is 
u.snaliy duo to o.ardiac failure, cerebral emholisin, ureinia, or some inteiaairrent 
infection. 

The cmhoUc phcnoinena arc re.adily ex])laincd by the friable, nature of the large 
soft, vegetation-s. The blood in the urine which is .'-•o characteristic a feature is due 
to the thrombotic glomerular lesions. It is iietter to speak of red blood cells rather 
than blond, for the microscope is generally needed for their detection, and as t hey are 
not pre.scnt every day the examination may have to be reijcated a nnmlicr of time.«. 
'fhe occa.^ional occurence of renal insufficiencj' and uremia is due to a rather un- 
common diituse glomerulonephriti.s. 


Acute Bacterial Endocarditis. — This is a group, a good deal less common 
tluin the preceding form, in wliich an acute de.structivc jirocc.ss is caused 
by pyogenic cocci whicli produce suppurative lesions not only in the valvc.s 
imt also in tlie organs where emboli lodge. The cour.se of the disea.se u.scd 
to be six weeks or less, so that this form was called malignant endocarditis, 
but the use of antibiotics has changed all this. The chief bacteria , respon- 
.silile nvo Strcjitococcus haunolyticus, Stajdiylococcus aureus, pneumococcus, 
and occasionally gonococcus. The primary focus of infection is usually 
obvious, being some supinirativc lesion of tlie .skin (boil, earbiincle), bones 
(qstedrayelitis)., uterus (puerperal sepsis), lung, or ])rostate. 

The two chief .features of thcyalynlar lesions arc the very large, exuber- 
ant, friable vegetations and the marked destruction, so that a cusp may be 
perforated or largely ulcerated away and the chorda^ tendine.m destroyed. 
The iriitral and aortic valves are aflected with equal frequency, and the 
tricuspid often suffers. Endocarditis of the tricuspid alone occurs in heroin 
addicts who ckn’elo]? staphylococcal se})ticemia from contaminated intra- 
venous in.iection of the drug. In most cases it is impossible to distinguish 
between the acute and subacute forms from the gross appearance, '’ilic. 


■microsm-pic picture is one of acute suppuration, the cusp being cnnvded 
with pplymorphoimclear leucocytes.. The vegetation has the same micro- 
scopic appearance as in the subacute form. 

EmhoJic ahscc,<if>cs are formed in all parts of the body, especially tin* 
skin, myocardium, brain, and kidneys. Both kidneys arc riddled with 
abscesses, a condition known as the pyemic kidney. The general clinical 
and pathological picture at the time of death is one of acute ])yemia. 


TimoMnoTic Non-uacterial ExDOCAnDrns.--It has lou.g been known that in 
many chronic disoase.s (neiihritis, cliahete.^:, cancer) small nodule-s may he found on 
the valves at antO])sy, a condition known as terminal endoearditi.s. The basic 
le.sion here, and i)robably in all other forms of endocarflitis, is a tlegeneration and 
.swelling of the vahTilar colla.gon witli depolymerization of the imicopoly.sacchariflc.s 
of the ground suh-stance and a tendency to necrosis. This is a degenerative endo- 
enrdiosis rather than a true endocarditis (Alien and Sirota). The reactivity of the 
collagen is ju-obably controlled by such factors as endocrine function,, reaction to 
stress, and the state of nutrition. If the destructive prncc.ss is more severe, jdateiets 
.‘ire deposited on the damaged valve and true thrombotii; verrucae arc formed. Tltis 
is the condition called thrombotic non-bactorial endocarditi.s (Gros>^ and Lried- 
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of_tlie_viilve.AvlK‘re-tlie*cclls-are,-and there arejw ^ells among-the bacteria. > 
That is the weak ness of the s ituation-irdiirthe-immiinological standpoint.'’ 
EhroJiasts_ar£pr^nt inThe„deeper- parts of the lesion, and ealcification 
isjiot.unepmrnon. -There is tliiis a.distinet tendency to repair. 

MyoranJinI icsioiw are not common. There may be Bracht-Wachter 
lesions, little collections of polymorphonuclear leucocytes around necrotic 
material, practically tiny abscesses. In other cases Aschoff bodies may be 
present. In the pcrirnnllvm petechial -hemorrhages, are common; but 
pericarditis is rare. 

'2. Embolic Irsioihs are very common, as the vegetations are friable.aud 
easily detached. Idicy arc non-suppurati vc, in contrast to the suppuratiy.e 
cmbnlm lesions of. acute ulcerative endocarditis.- .The petechial hemorrhages 
in the din and the Osier nodes are usually, regarded as. embolic in origin, 
but there is no proof of this. It is more likely -that they represent a peri- 
^•ascular Toaction to- the endotoxin, possibly allergic-jn_nature. — Lar ge 
infarcts due to -l)locking of . med i um-sized ve ssels ,are-seen-in-the enlarged 
spjrrn and m.^w-lndvcys. Many of the more minute lesions appear to be 
dne-to toxic- necrosis, (it-vessel-walls rather-than- to -emboli,. although the 
name embolic is- still retained. This is particularly true of the so-called 
focol cmholir rilomcrnlnncpliriim originally described by Lohlein and known 
as th(‘ Lohlein lesion. Only a few glomeruli are involved and usually only 
a part of a glomernlns. A few loops of the tuft are blocked with an accom- 
panying acute reaction, as a result of which red blood cells appear in the 
(•apsular space and pass out into the urine. Although these lesions were 
commonly believed to be embolic it appears more probable that the blocking 
of the loo])s is due to cap’illa-rjV-thrombosis and necrosis. Healing occurs 
owing to the ready access of-eeJhs-to tiie irritant, and a homogeneous' mass 
of organized tissue is formed in one segment of the tuft, giving an appear- 
ance which is i)athognomonic-of this disease. In the acute stage.sraall red 
.S])i)ts arc seen. on the surfara* when the capsule is stripped oft', an appearance 
known as the.‘‘ilea-bitten kidney.” Occasionally there is a diffuse glomer- 
ulonephritis with renal insufTiciency terminating in uremia. In the ceniral 
nrrvons siiaiom there may be cerebral embolism and softening in the internal 
cai)su le with a residtii ig hemiplegia, or tiny inflammatory lesions may. be 
‘'cattcred through the brain. The retina may show pathognomonic trans- 
ient "canoc-shaped” elliptical hemorrhagic spots with a pale center. 
Miicoiic ancnris-iint may be produced in the cerebral, superior mesenteric, 
and other arteries. 


•>. 1 he oenrral Ir.suni.'t are of less importance. Some are due to cardiac 
failure, some to toxeniiar- . Among the latter are cloudy swelling and fatty 
degeneration of the liver and kidneys, enlargement of the spleen, a second- 
ary anemia, and in rare cases degenerative lesions of the spinal cord like 
tl'iuse of subacute combined degeneration. 


I lie rrlniiiir.s'jilji 
number of workers 
ar>- ^'1 abundant in 
that in iiu'.ny cases 


in rhrinnatie heart dmease has been investigated by a 
(( lawson and Bell, iMaellwainc). Although bacteria 
the one disease and lacking in the other, the feeling is 
of snba.eute bacterial endocarditis the bacterial lesion 


iv ,, on 

'■’neum-'.tie ca.ri'.iti' 
ehla 'ueh. ilnieriiiL; 


a heart which is at the tiiiu' of infection the site of active 
o an<l that the two di'^easi's are ('tiologicall V simil.ar 
in tlu’ir tissue respou'^e to the infecting agent. 
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R.klation of Symptoms to Lesions.- -Tiic cardk mgm {xmxxmwvF} uro dui- to 
the vegetations and the valvular destnn-.tion. Butat first there ina}-, lie no nuirinurs. 
and of cotnve innrrnur.s are no proof of an active endocarditis. Liler in the disi'ase 
the valvular insufficiency leads to cardiac decoinjiensation and enlargement of tlie 
heart. Cardiac pain is not uneoinmon. I know no explanation of tin.s. Deatffi is 
u.sually, due to cardiac failure, cerebral -embolism, > uremia, or some intercurrent 
infootion. 

The emholic phenomena are readily cxjilainefl by the friable nature of the large 
soft vegetations. The blood in the urine which is .so characteristic, a feature is due 
to the thrombotic glomerular lesions. It is better to .siieak of red blood cells rather 
than blood, for the microscope is generally needed for tlieir detection, and as they are 
not present every day the examination may have to be reiieatcd a number of timo.<. 
The occasional occurence of renal irisufhciency and uremia is due to a rather un- 
common diffuse glomerulonephritis. 


Acute Bacterial Endocarditis. —This i.s a gi'oup. a good deal less comnion 
than, the preceding form, in which an acute destructive process is caused 
!>y.Pyogcnjc cocci Avliieh produce suppurati’i-c.le.sions not (inly in tlic vah'cs 
but also in the organs where emboli lodge^. Tlic course of tlie disease used 
to be SLY weeks or less, so that this form rvas called malignant endocarditis. 
_ but the use of antibiotics has changed all this. The chief bacteria respon- 
sible are Streptococcus Inemolyticus, Staphylococcus aureus, pnenmocaiecn.s. 
and. occasionally gonococcus. The primary focus of infection is usually 
obvious, being some suppurative lesion of the skin (boil, earhnncle), iiones 
(dsteomyelitis), (pu'erpefarsepsis), lung, or. prostate. 

The twoj^hieLfeatur^^^^^ the .yalynlar lesions are the very large, exidier- 
ant, friable vegetations and the marked destruction, so that a cusp may be 
^perforated or largely iiicerated aAyay and the ehordm tcndineie rlcstroyed. 
Tbe m'itral and aortic valves are affected with equal frequency, and the* 
tricuspid often suffers. Endocarditis of the tricnsjiid alone occurs in heroin 
addicts who develop staphylococcal septicemia from contaminated intra- 
venous injection of the drug. In most cases it is impossible to distinguish 
between the acute and subacute forms from the gross a]i])earance. The 


APjjorqscojnc picture is one of acute suppuration, the ciisji being crowded 
with, polymorphonuclear leuco,c\:tes^ The vegetation has the same micro- 
scopic appearance as in the subacute form. 

Emholic abscesses are formed in all parts of the body, especially the 
skin, myocardium, brain, and kidneys. Both kidneys are riddled with 
abscesses, a condition known as the pyemic kidney. The general clinical 
and pathological picture at the time of death is one of acnite pyemia. 


Thro.mbotic Nok-b-acterl-vl Endocarditis.— It lias long been known that in 
many chronic diseases (nephritis, diabete.s, cancer) small nodules may he found on 
the valves at autojisy, a condition known as terminal endocarditis. Tiie ba.sic 
lesion here, and probably in all other forms of eiulocarditis, is a degeneration and 
swelling of the vahnilar collagen with depolymerization of the mucopolysaccliarides 
of the ground .substance and a tendency to necrosis. Thi.s is a degenerative endo- 
cavdiosis rather than a true endocarditis (Allen and Sirot.a). The reactivity of the 
collagen i.s jirobablj’ controlled by .such factors as endocrine funedion, reaction to 
stress, and the state of nutrition. If the destructive jirocc.^.^ is more .severe, jilatelets 
are dojiositcd on the damaged valve and true thrombotic verrucae are formed. 1 Ins 
is the condition called thrombotic non-bacterial endocarditis (Gros.s anrl J'ried- 
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hnri:). If infei'tion pupcrvcncp, subacute or acute bacterial endocarditis will result, 
dcpcndiiij: on tiie tyi)e of infecting organism. It .scem.s probable that all forms of 
bacferilil endocarditis develop in this manner. 

Tiic incidence of the difTerent forms of endocarditis encountered at autoi)S3’ has 
changed reniarkabl.v .since tlie advent of chcmotliera])\' and antibiotic.s (Angrist 
and ^l;irqui.<.«). There has been a marked decrease in I^actcrial endocarditis and a 
corre.'])onfling incrca.^c in the non-bacteriai forms of the disease. Transitional 
form.s between tlie non-bacterial and bacterial tj'])es and between the acute and 
.«iibacut(! varietic.s are now seen much more frequently, as are healing phases of 
tiie latter forms. 



l‘i(! It)'.) -Mitral .-temi'is Small left ventricle, narrowing of mitral opening, gre.at 
ililatjon of left auricle and right .side of heart. 


CHRONIC VALVULAR DISEASE 

Mitral Stenosis. Most, it not all, taises of mitrtil stenosis are jheinnatie 
in oiigiii. It i> pos>ible that mild tonns ol snbaente bacterial endocarditis 
uia) end i.'i healing with ailhesion ot the cusps. It is much eonmroner in 
TdTli jjldj j me n. The lef t ati riele and thcM’ight sitle of the heart are 

iTil'i’JIL’Atrutaumniuf the f elT~ve ntri ele is no rinaLijt 
A.V.vn 'iiialjer tliaii jjorm (Fig. When the heart is opened 

tlk- ,e!t aurtele is en to be enormous. It may contain as much as oOO ce. 
m-imi of tin. oniinary 3U or dO ee. The va lve lo .)ks like a ^leep; funnel , 
>,i )•! vhiili ;iiv tormed b\’ tla'TiTsed eiisps. 'I'he blood rushing 
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i Jirouph tliis rigid fiini)rl (.vtiis(;s ;i vibration of jtis Aylu(-hJsj-o.sjK)i)sil)l<‘ . 
iiinJl<l,diast(difL.7rnir and .tiirilljyitli or >vit!i(,)Ut ])iv.svstolic af,c<‘ntiiation. 
'U].ejL>pej)ij3g. ji;iay.})e . a mere .})ut.lon-}iole wbielL AviliJumliy, admit the t ip 
-oLlhe litth- fi nger. (I’^ig. 170.) Tlie thickened and sclerosed cnsp.s may 
become c^Jcdfied, so that tlie valve can neither o])en nor shnt, a comi>ined 
t;ondition of stenosis and ineoinjjetence. The eho rd;e teyulinea; mav Jh; si^ 
tliiekcjied and.shortened jjiat t]ie..-})aj)illary iniiscltis .seem to lie implanted 
onJJie.valve. There may lie thptimlju.sjprniatmti in the (lilated left aijriyh'. 
partienlarly in the anrieular apiiendix" ..TlnsTs VxM'-ydinpihtant^^ la, ‘cause the 
clot niay liecouie-detadied and, give rise to' cerejir al en iboiism.'^ •\ipreover 
a thrombus often forms in thej;igin auriel^, and this may cause pulmonary 
emlir)Jis,m,, especially ivlum "" 

auricular fibiallation .sets in. n ^ 7 ::: 

Tluis, though iimhca™^ 

docardit is there are no, friable , 

.yegetations \yhich ca.n become ^ " 

detached, yet., ejnbulism is a ’ 

(•ommon c-omjilicatioii (d initral. v ' 

tityndidsr'IlV'Mrc'diitis a ball , 

Ithrombus may In; present,''*;)' 

[large globular' inass lying free 

tin the'liljHde.- ■; ■' 

The.f/nrmi/..e//rct.s‘_.()f.,Tn,i.tr!d j Xi' ::y . 

stenosis . ;irc... those of^chronic ' :.T'. ’ 

venous eonge.stioii. (See Cluip- ■ ' ■ ., 

ter 3.) This , is. most . marked ; ■ X.-t ' ' 

Jn the lungs,, and liver, d'he „ ^ 

di.stcnded pul mon ary ,c;!pilla- --. 

I’ies inay Fig. 170. — Mil nil .steno.^is. The thickened 

alveoli . c;ilising_ hciUOp Tys ts. casii.-^ hnvc fu.'^cd .so as to ('.•m.'-e c.\tieiiK! nar- 
iMitral stenosis is the common- rowinii: of ilic oiicninp. 
est cause of hemoptysis or the 

coughing..up.,o.fJ)idbrT. ‘'i'he common explanation for this is the distendetl 
condition of the pulmonary capillaries, but it seems more jirobabie from 
thc-observations-of Fcrgu.son :vud his assocuites that the hemorrlntge takes 
place from v;iricosities in the. submucous broncliial- veins.^ d'hesc workers 
by means of injection incthod.S'Showed tlnit tliere is a free eonnmniicationt 
between The main pulmonary veins and the bronchial veins, ;ind that in ^ 
mit.r;il , ste,no.sis the latter veins become dilated and varico.se. Areas of s 
hemorrhage and infiirction are common in. the lungs, ;ind There, arc great 
numbers of heart. failure cells in the. alveoli. Oiying to exir;u as;dipn jtf 
bipod there is fijirpsis aLthe septa, an.d the lnng.beef>mes browjijind.firm,.a, 
eondilion.J<no>yn ,j!s. /mnen jiKliinifion. d'hc jmlmomiry.. artery :md il.s 
bramrhes often shiiw n'nuTcd atheroin:; owing to .the eontinned strain . though 
the aorta nniy be norinal. The pulmonary artCTiojc.s inavdipjv.a liyper- 
pladic sclerosis. and necrosis similar to tlmt seen in the remd arteriole.s in 
malignant liypertension. Parker ;ind ^Veiss point out that in severe ea.se.s 
of mitral stenosis there imiy be great thickening of.tlie basemmitmetnbrnne,. 
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-the - alveolar- e pitheliu m- .au(Ltlie._va-5-C»iar endothelium^ 
and tliat thcjspace between .them may_ becomejwidenedi)y...ede,ma,.so„that 
the alveoVaf tissue may be tweiity times t hick er than nor md . As a result 
tluTe is a jrravc interferencrwitli'gaseous cxcimngTbthe'iilood being sepa- 
^ ) rated from the alveolar air by so thick a partition. This explains why it is 
I that intense cyanosis may persist in spite of myocardial improvement. 
' 'Die liver .shows marked congestion and may become indurated. The 
other organs are congested to a lesser degree. 

Mitral Incompetence. — The organie as opposed to the fu nctional form 
of miti-aLiucompetencc_ is .due either „to..sclerpsis and contraction of the 
cusps. or Jo. dilatation j^Lthe^ring. The common cause i^rheumatic endo- 
carditis^ Subacute bacterial endocarditis will also cause incompetence 
because of the large vegetations, the sclerosis, and the occasional destruction 
of the cusps. In old age the cusps may undergo degeneration and calcifica- 
lion \yhich wilLintcrfere -with their efficiency. The condition of the heart 
is similar to that of mitral stenosis except that the left ventricle is also 
much flilated owing to the increased amount of Tlood which it has to ac- 
commodate. In the end-stages the heart is greatly enlarged. 

Aortic Incompetence.— The ti\:a4n;incipaLcauses..of aortic incompetence 
arc rheum.jie endocai'ditis andfsyphilitic aortitis. Tavo additional causes 
are subacute .bacterial .cndociirditis-and- the nodular sclerosis of old age. 
Incompetence due to endocarditis is caused by adhesions, thickening, and 
ntraclion of the cusps. It may be combined Avith stenosis, and is seldom 
.so extrenu' as the incompetence caused by syphilis. In the syphilitic form 
tiie incompetence may be due to one or more of three factors: (1) dilata- 
tion of the aortic ring caused by destruction of the elastic tissue; (2) 
Avideiiing of the eomml.ssurcs; and (3) retraction of the cusps and thicken- 
ing of their free edge. The dilatation may be so great that the A-ah'c be- 
comes Useless though the cusps may be healthy, and the incompetence is 
coiujilctc. High l)Iood-pressure and severe physical strain naturally ag- 
graAatc the condition. It is doubtful if atheromatous degeneration alone 
cati cause ineomi)etenee, but the possibility canno^be denied. 

1 lu“ eonditiou of the heart is the opposite of that of mitral stenosis. 
Here the heart is all left ventricle. It is extremely enlarged and globular 
in outline, the car baciiium. The left A'entviele is greatly liA’pertrophied as 
well as dilated. The et)ndition of the aortic a'uIa’c Avill depend entirely on 
whet her. the incompetence is endocardial or syphilitic in origin. 

1 he cluiHyl jurturc is highly eharaetcristie, but is much .more extreme 
in th(' syphilitic form. Tiie symptoms and signs are due to the escape of 
Hood fnini the aorta Itack through the incompetent A-ah-e. The arteries 
thus oontaiu too nmch blood during. systole and..too little. during. diastole. 
1 l!i^ accounts for the leaping peripheral vessels (“the dance of the arteries”), 
tac ea.i'iUmy j>tiisatinn, the Ayater-hummer pulse (Corrigan pulse), the Ioav 
( ii isTo.hc prc^-ure,-and the high pulse'-pressure, the giddiness and attacks 
"5 IK ope tlue to eerebntl anemia. The diastpliejniirmiili Avhich is the 
luo-i t iu\K'.cu-ri>tLe ishysieal sign is due to the blood*’ e.scaping back into 
tP.-A-T-;Ttric!c. 

_ Aortic^ Stenosis.- This is (jiiite uneomraou in a pure form, although 
in t.u- ni.-iiiitain- variety of aortic incompetence the rigid and adlierent 
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cusps rnn.y bciJinable-to opeu..fu!ly,-So tluit ii rcintivc <lci,n’c(> of stenosis is 
produced. -I’ lire .aortic stiuiosis. usaialJx occurs in n oyer, fifty, years of 
age, .and is of the c(ddfiaJ riodvlaU ypc, Jiest ci.i.llcd SitM fij- 
Tlie cusp s adh ercJLQgether-tQiQrin a kind of diaphragni as in niitnii stciiasis, 
but .the, ,niost,, striking ,feature.Js^.llie^prcsci]QQ,„of jiyarty,,.eaIdfic(ljnas.ses. 

yylnVli .inay„coyer ,tlie,ciisj)s.or.Jjc.,con to the- iiasc. (h’ig. 171.) dlie 
entire valve is inCTcdibly,. hard and. rigid. The calcification can be seen in 
rnentgen-rav films. There is marked diflcrcnce of o])inion as to vhether 
the lesion is frhemnatiein. origin. .or^degcJlerative (arteriosclerotic), in char- 
acter, the so-calkxl Monclvelicrg^typc. The fact that the condition is a 
clinical entity docs not necessarily 
mean that it is an etiological entity, 
so that some eases mav he rheu- 
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Fig. 17I. — Calcified aortic .stcno.';is. 


matic and others degenerative. Hall 
and Ichioka consider that all cases 
are rheumatic in origin, although the 
rheumatic lesions in the myocardium 
may he largely healed and hard to 
recognize. In their series of eases 
60 per cent had solitary aortic lesions, 
while 40 per cent had healed mitral 
lesions. Karsner also believes that 
ealeifie sclerosis is essentially rheu- 
matic in origin. It must be re- 
membered that the stigmata of 
previous rheumatic disease can fre- 
quently be .detected in any series of 
liearts wliich are examined with 
sufficient thoroughness, so that their 
presence in a case of calcific aortic 
stenosis is no proof that the latter 
lesion is .rheum;i.tic...in, origin. It sccyn^ pnibjdde tluit nuun^^ 
..should ..still be regarded as degeneratiye lii miture, e.y)eciaiiy when jhe 
-mitral valve is entirely, normal.. 

The heart shows a perfect example of pure or concentric hyjjertrophy 
of the left ventricle, although toward the end it inay uiide^ 

The average weight is about..G5Q grains, and in one of Christiaids cases it 
weighed over 1000 grams. Tlie aorta is remarkably smootli and free from 
atherosclerosis for patients over middle age, and it. almost seems as if the 
vessel ..wall has been protected by the stenosis. As so little blood enters the 
aorta tlie pulse is small and fainting attacks arc common,' The pulse tracing 
with its slanting upstroke and rounded earners hump speaks eloquently of 
the rc.sistancc at the aortic opening. Tlie most, cliaracteristimf^iysical sign 
is a rongli rasping systolic murmur and thrill at the.jK>rtic .a/ca. If incom- 
petence is also present, a diastolic murmur will be added,/ 

Tricuspid Stenosis. — Rheumntir infection may spread from (he mitral to the 
tricuspid valve ring, and the subsequent endocarditis may cause the leaflets to be 
glued together, with resulting stenosk. 
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PuLMOXARY SxEXOsis.— In Ttiost instances this lesion is congenital (develop- 
mental) in origin. The rare acquired cases arc due to rheumatism. 


CHRONIC HEART FAILURE 


The most common cause of death is failure of the heart. This may be Slow or 
sudden. Tlie three great causes' of gradual failure are valvular disease; arterio- 
sflcjotic n.'irrowing of tlie eoronarj' arteries and arterial hyjrertension. We may 
(licifdore speak of valvular heart. disease, auteriQsclerotic.heart.disease, and hyper- 
tensive heart disease. Hypertensive heart disease is commoner than all the other 
forms })ut together. 

Tn a pure olrstructive lesion such as aortic stenosis the chamber proximal, to the 
oljis.truction.pviirundergo'irwork hi/pcrlrophi/, the muscle fibers becoming larger 
l)ut not more numerous. MacMahon, howev'er, lias shown that in idiopathic cardiac 
liypertropliy, of infants true proliferation of the fibers may occur, and in rare 
instances the same is true of children after severe toxic injury to the heart. The 
best cxam])!c is seen in the so-called ^concentric huperlrophy of the left ventricle in 
arterial Jiypertension, whethcFcTrthe primary “esseutjal” type or secondary to 
chronic nejihritis. In arteriosclerotic heart disease there may or may not be hyper- 
trophy, depending on whether there is or is not an associated hypertension. 

In course of time dilplaliop is_added to hypertrophy. This may be compensatorj' 
or may be due to failure. Compensatory dilatation is seen in aortic incompetence. 
During diastole the blood regurgitates from the aorta through the incompetent 
valve into the ventricle in addition to that entering it from the auricle. If venous 
congestion is to be avoided the ventricle must dilate. At the same time it hyper- 
trophies in order to cope with the increased amount of blood it has to e.xpel with 
each contraction. 

Dil;ilation from failure is likely to be the end of every cardiac lesion if the patient 
li ves lo iig enough. For a time hyi^rtrophy can look after the increased load, but 
there, cumes. a. time when the effort fails, the muscle becomes exhausted, and the 
cavity dihites. This is more apt to occur when the m)’ocardium itself is not healthy, 
as from fatty degeneration or myocardial scarring. A healthy heart maj' be acutely 
dilated as the result of very great and sudden exertion. The cavities will gradually 
nttnrn to normal size with rest in bed, but there may be functional cardiac dis-ability 
for some time. 


(’ardiac failure may be mainly left ventricular, or mainly right ventricular, or 
bnlh. In (iiroiiic left ventricular failure the symptoms and signs are those of pul- 
monary liypcrtensiou with normal pressure in the systemic veins, i. e., cai’diac 
dy.simea and accentuated pulmonary second sound. Right ventricular failure 
iollous upon prolonged i)nliuonarv hypertension, which in turn may he due to left 
veutiicular failure, to mitral stenosis, or to intrinsic pulmonary conditions. Tlie 
term i'or iJidinvicaU is apiilied to a coudition of enlargetl right heart (first hypertro[)h\' 
and lau-r <iilatatioii) and dilated pulmonary iirtery due to narrowing of pulmonary 
e.Ucnole- and the raiiUlary bed by pulmonary 'fibrosis, _cmj)hysema, or (rarely) 
pulmonary endaileritis. obliterans; silicosis is an imp'ortant cause of vascular 
ol.'tniciion; ihe.-t delorniit!e> (spinal curvature, etc.) may cause mechanical ob- 
structi'Ui. 1 he jinal stage of canliac failure is conyi Klin' lii:arl Jailurc, with engorged 
-"i - temic \ eiu'. a lai ge and teiuler liver, swollen legs, a.scitcs, pleural eftusioii especi- 
;:!!\' on till' light .-ide, and markcil cyanosis, 

ill mt- -tiMn- di-oa-e.- heart failure is a froiiueut cause of death, and at iuitofisy 
t' ‘ m oiten to lie leiuarkably soft and flabby. This may be due in part 

"f on the myocardium, fmt a majo'r factor appears to be pe- 

1 .'i-. u! itory failuie. Tiie strength of the i-aniiac I’oiitraction depends on tfie 
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Innd placed on tlie muscle, and for a normal load there must he adequate filling of 
tl)o ventricles during diastole and adequate venous flow from the ])eri])hery. If the 
blood collects in the dilated capillary plexuses in the viscera and skin in 'severe 
infections, shock, etc., or injhe pulmonary vessels in influenza, the lieart is not' 
given enough work: to do, loses its tone, and filially fails. ' ■ " " 

LESIONS OF THE MYOCARDIUM 

Toxic Myoc.vrditis.— This is a degenerative condition rather than an inflam- 
matory one. Diphtheria offers a good example. There is an acute degeneration 
of the muscle followed later by a secondary cellular inflammatory reaction, fl’hc 
muscle fibers are swollen and granular and have lost their striations. In septicemia 
and toxemia, even though no microscopic changes may be erddent, the heart is 
often so flabby and lacking in tone that it flops down on the autopsy table. The 
sidphonamidc drugs may cause an acute interstitial myocarditis both in man and in 
experimental animals. The exudate is rich in eosinophils. 

Suppurative Myocarditis. — This is usually a manifestation of pyemia, but the 
infection may spread from an acute ulcerative endocarditis or an. acute ]iericarditi.s. 
Miliary abscesses are scattered through the fibrous tissue of the heart, or there may 
be a diffuse infiltration wdth polymorphonuclear leucocytes. There is marked de- 
struction of the muscle fibers, and the condition ends in death. 

Tuberculous Myocarditis.— This is very rare. Tliere ma.y be miliarj'' tuber- 
cles scattered through the myocardium. Still more rarely there are large yellow 
caseous lesions of the m 3 ’’ocardium unlike anjdhing else found in the heart. 

Subacute Myocarditis of Unknown Etiology.— There is a small group of 
obscure cases characterized by rapid nijmcardial failure or sudden death in which 
granulomatous or subacute inflammator}^ lesions are found in the rajmeardium. It 
is probable that they represent a heterogeneous collection and not a definite entitjq 
so that no reall 3 >- satisfactor}' name has been suggested. It is reported in the litera- 
ture under such names as idiopathic mjmearditis, Fiedler’s nijmcarditis (first re- 
ported by Fiedler in 1899), and isolated myocarditis. A good reidew of the subject 
is given by Magner, who reports a case from my laboratoiy. The patient had iire- 
viousty been in good health, and died unexpected!}^ after the removal of a non-toxic 
goiter; scattered through the myocardium -were foci of mononuclears and giant 
cells. It seems probable that the causal agent is a virus, so that a good name might 
be virus mjmearditis. Other xdruses such as those of poliom 3 '’elitis (50 per cent) 
and I’^aricella are knovm to produce similar myocardial lesions. Identical le.sions 
due to a virus occur in the anthropoid ape (Schmidt). 

Deficiency Myocarditis. — Vitamin deficienc}' ma.y lead to nijmcardial failure 
associated wdth lesions in the heart muscle. Bcri-beri, the oriental di.sease due to 
lack of \dtamin B (thiamine) from eating jiolished rice, is marked bi' nervous and 
cardiovascular manifestations. It is coming to be recognized that an occidental 
form also exists, caused again by thiamine doficienc}'' due, as a rule, to chronic 
alcoholism (Weiss and Wilkins). Other factors, at present unrecognized, mu.^^t lie 
neccssarjq for chronic alcoholism is ver}’' common, whilst ].ieri-beri is rare. The 
condition of the heart varies to a bewildering degree. The heart maj' appear noi nia 
or maj' lie dilated or hjniertrojibied and overweight. There .ma};, be no_ nncipscfiiiK 

changes, but ; ’b. '■.'■■■■ ■ ■ ■/ ” L , . ■ yiKlxiacuolatKuypf^^^ 

ayocardial fib ■ ■ ’ ■■■' 'I ■ nduction .systeni, (Fig. 

172) edema of the interstitial tissue, and fibrosis m tne iaier .stagc.s. The on^ct ol 
^ymptoms of nyocardial failiu’e in an alcoholic addict maj* be sudden oi giadua . 
Ihe condition is relieved b}" the administration of thiamine. It may be noted t.iat 
electrocardiographic changes develop in healthy volunteers on -a thiamine deficient 
diet. 
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It sometimes happens that a person without any ob\aous history of vitamin 
fleficicncy dies with all the symptoms of chronic heart failure, but with no evidence 
of valvular disease, hypertension or coronary occlusion. The heart is greatly en- 
larged, being often double the normal weight. Here also there is e\-idence to sug- 
gest that some of thc.se cases are due to dietary deficiency, possibly thiamine or 
.some other member of tiie vitamin B complex (Dock, Smith and Furth) . A striking 
feature may be great thickening of the endocardium unth or without mural throm- 
bosis. It is well known that the cardiac failure of beri-beri is associated with great 
h\^)ertro])liy and dilation of the heart, the so-called beri-beri heart. 

Fatty I)i-.c;i:ni:ration~.— T his is caused by the usual factors responsible for fatty 
degeneration (.sec Chapter 2), of which seve re an emia, especial^' the ] )er niciou s 
f orm, is the chief. In the gross the 1 — -irT... . < ' , nottled “thrush- 

breast ’',;ii)pearance,. bestseen under" ■ papillary muscle s 

o f the left ventricle (F ig. 180). The yellow spot£j:c»resen.t,areas-Of. fat ty change . 

hlicrpscp.pically ro ws of fat drople tauire 
see n in the muscle fibers in frozen sec- 
tio ns; t hey can be stained re d wit h 
Surlan I II or Sc harlach a hHIrlack with 
osime acid. Unless it is very extreme the 
condition does not seem to interfere ser- 
iously with the power of the heart. It 
frequently happens that if a heart 
which is very soft at autopsy is exam- 
ined l)y frozen section and Sudan stain- 
ing, widespread fatty degeneration will 
be found, even in the ab.sence of the 
thrush-breast ajjpearance, which is sel- 
dom seen :ipart from pernicious anemia. 

5arcon/osA'.— Sarcoidosis of the myo- 
cardium is a rare cause of acute heart 
failure. Very occasionally tliere may be 
chronic congestive failure. Most of the 
reported eases have been young male 
Negroes, but the two cases which I 
Iravc examined have Iroth been white. 
The myocardium is extensivelj' re- 
placed by sarcoid lesions, the giant cells 
of which often contain asteroid inchi- 
sions. In order to distinguish the con- 
dipiiii tuim tubevevdoid leartiuns it is desirable to be able to demonstrate sarcoid 
it'-Mii- m !> mi)lu,i(i and otlicr tissues. The sudden dcatli is probably due to veu- 
tiu vilui tibiillutiun ov tlie Stokes-Adams syndrome caused by involvement of the 
ciiuductmn system. 

iNi u.iuATiox. Tins is a li))omatosis of the heart, with deposits of fat 
undci the P'-nemdium and iii tlie interstitial tissue. (Fig. 373.*) TflFinere'Cv j)art 
(I. a general adiposity. Tito muscle fibers may suffer from j)ressure,'Timrif' tlfe 
lututiaiiou !- w-) y marked there may Ire interference witlj the hc.art s action. 
bv.uvN A'U'.ovuv. Her ' 

‘oii;, 'Pin. 

^ ’ 'k' ‘‘.tdo !' .lie .-maU, and at each [xile of tire mudeus there is a eolleetion of 

pigas'iit. iia.. ,if lipoohromes. q'l 
'■ Ai- i-and-te;.; " iiiginent, for, a'ithough 


fF F-k c-c /-■-•V •r j . : ■ 

y ':‘kr 
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Img 172 -'Ueri-hori heart. 


wtm liiif lUfarL ^ ti( iioii. 

A'luoyuv. Here tjiore a deep l)ro\vn 

ic eonditiou ii seen in long-<-ontinued wasting diseases and" in 'oTd 'a'm. 


veiy gie.illv im-rea-ed in eomlitiotis whe 


lis irigment hes been well named a 
tKinnallv present in srmdl amount, it 


re tlie tissues undergo much wear 
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^iUJAUMJi^'XAXjJUX.- -In soft ;iiKi f1;ii)i)y hfarl.s, such nK oirur, Jji.xoHUnuefl j'nfiQfr- 
L'UUi.! iiil^yt iii.nl tlie muiitie fiber?. niiiy_),w_fniKDicntfd. i.f.. broken 

nernss* tni inversely. (lieTiroken einl? being sopnrafed for poine litfie (ii?t.nn<‘e (Fig. 
174). Owing to tlic alircnco of any snrrounfling reaction to injury it- i? usually 
?uj)iin?rnl that tlie eouflitkin fle.yclops-in-.tbgj.lca t h a go ny. It. may ooeur in the 
healthy heart, if rleatfiT^ violent, (hanging, .strychnine jioisoning, etc, ). In the latter 
e.nse.'i tlaa-e is likely to be a clean break :uul nothing more. \vherc:i? in the flabby 
liearts there, i.? often an aecomjianying degeneration and disintegration of tlie 
museh* fillers. 

Hypertensive Heart Disease.— 'J'he. four principal forms of iicart disease 
arc tliose fine to riicumatic fever, l)acterial endocarditis, coronary artery 
occlusion, and artcnul hypertension. The last of these is the commonest. 



A person vith hypertension may live foivmany.year.s Avithoiit .shoving any 
symptoms. During this time the heart i.s accommodating itself to the 
increased work, it has to . do. As the patient gets olderV as the coronary 
arteries become narrowed, and i)artieularly if the blood-pressure continue.? 
to riscj the-^lay will come .when, the myocardiu m is no l onge r.eq.ual.to tin* 
strahi,atnd-<.“Gngestive-hcart failure develops. 

'i’he most striking feature is marked l)vpertraphy..of .thc,left ventricle, so 
t h at when the. heart is grasped it feels like a closed .fist. The walls arc rjgid , 
the heartanaintaining its curved form when laid on the table. In tlic late 
.stages dilatation may be added to the hypertrophy. Strands or jiatdics of 
fibrous ti.ssiie arc often stxittcrcd through tlm wall of the left vent rich;. 

Ajiart from this iibrosis, which may be inmiinal in degree, the heart 
muscle appeaxs-normal. The individual fibers sliow.no sign of degeneration, 
and. aTc ireqnontly -hypertrophied. IMiy they should fail remains a mys- 
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tery. 'SMiat seems to be powerful muscle is unable to expel the blood from 
tbc heart with any vigor. It is evident that in the myocardium morphologi- 
cal appearance does not necessarily correspond with functional capacity. 


CORONARY ARTERY OCCLUSION 


Three things may happen Avhen one of the larger branches of the coronary 
arteries is occluded; (1) The patient may die immediately. By far the 
commonest cause of sudden death is cardiac failure; indeed it is the only 
tiling which will kill a person insianiancously . The commonest cause of 
sudden cardiac failure is coronary occlusion. (2) He may linger for a few 
hours or days. (3) In many cases he recovers, at least for a time. Death 
from coronary occlusion is common among doctors and other professional 
men. l^eaths from coronary disease appear to be increasing in frequency. 
The figures in round numbers for the United States were 28,000 in 1930, 
]()],()()() in lOdO, and 114,000 in 1942. The corresponding figures for Eng- 
land and Wales were 1,900 in 192G, 25,000 in 1945, and 33,000 in 1947. 

Pailiogcnr.si.s.— Complete occlusion of a coronary artery may be produced 
in a A-aricty of ways. (1) Atherosclerotic narrowing of the vessel with 
complete obstruction of the lumen. (2) Hemorrhage into an atheromatous 
jilaque. (3) Rupture of such a plaque into the lumen. (4) Thrombosis in 
an already atheromatous artery. Rare causes are (5) syphilitic aortitis 
scaling the mouths of the coronaries and (0) an embolus from a vegetation 
f)n the aortic valve. ^Yhen an embolus blocks a mai n coronaty artery, 
death occurs with dramatic suddenness. Occasionally sy philiti c .arteritis 
of tlie. coronary- artery may cause occlusion. At the site of the 
atheromatous plaque numerous lymphocytes are sometimes present in the 
adventitia. Tins appearance must not be mistaken for the perivascular 
cellular infiltration characteristic of syphilis. Of these various causes by 
far the most important is atherosclerosi s. Avith or 3 vithout an added throm- 
liusis. I'or this reason the general cardiac-coudition from AA'hich the patient 
suil'crs.inay be called arteriosclerotic heart disease. The coronary arteries 
share in the general atherosclerosis of old age. In young adults, hoAVCA’cr, 
tlu‘ coronaries may be the only vessels afVected, the-condition being much 


more eommon in men than in AA’omeu. Dock points out that the intima of 
the coronaries lying, in the_epicardium.is much,thicker,_than that of any 
artery, of .•.iniiiar < alil)er elsewhere in the bod\q and that tins is .much more 
lironouneed in the, male, being present even in infants. This anatomical 
l)etnili:\riiy may liaA c ^ome etiological significance. 

■ •] >uguid sugge.'ts that some (he says many) of the lesions regarded as 
atherouiatou'. -are arterial thrombi ,Ayhich have been transformed into 
filuous tluciwning^ by the {wocess of organization. IMost of the thrombi 
of fibrin, ;iud these are coiiA'crted into fibrous patches AA'hich fuse 
AA iih the intima and become coA'cred by endothelium. When the thrombvis 
lont.iim huge ininibers of red blood cells, fatty clegeneration occurs, this 
indistinguishable from that of an atheromatous plaque, 
rile importanee of heiiHUThage into an atheromatous plaque in the 
m.tima Av;m fust pointed out by l’ater.son and later by W'internitz. The 
fu u.u.oi i^ due to rupture td’ capillaries caused by atheromatous 
> '.u iiUi . (iig 17..I.) In the majority of cases of coronarv thrombosis 
u'.tmu.i hemorrhage can b,.- denioj,<trated. luit jiumerous blocks and serial 



PI ATI-: VI 1 



(Ihl Ilniiorrh'UU into Athnoniiiltin^ Flaqnr. 
i-i,.. hnnuMd.Tin is stMi.u-d inUM,H.ly u-ith th- l>lu- .n.-tlnu 
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sections may be rieeclcd for this demonstratior,. Even without threanitftsix 
the hemorrhage may produce great narrowiujr of the hiineu I)V causing 
l)idgiug of the intima (Plate VII). When iieinorrliage is marked h can 
be recognized noth the naked eye in cross-section of the artery, Intimai 
lieniorrhage--.offerS'-an -e-x])la.nation. of. .those, attacks .of eoj:on;,ui- occlnsi.on 
yIn5ii,.arC;..prccipita^^^^^^ exertioJi.or .yxeitemenE both of which* 

. caufe a;ten\iX)rgry::nsy;in_the W Wjien tlic coronary arteries 

of adults who die suddenly are examined by means of ])rcliminary perfusion 
ajid fixation Jpllmyed. by deln'dratiqn and clearitig, IienVorihtigc-s are founri 
witirmnarEable fr^ (Durlacher ei nl). These are. nearly always 

imirtiple, and vary in age from fresh .extravasations to areas of 'iron-con- 
taining... pigmentation. Thrombi are more frequently associated with older 
hcmpiThages .than -with freslnones. In more tlnm one-half of the eases of 
acute -oeclusiom the heart is^eularged (overweiglit), due, possibly to hyjter- 
tension, tvhich may^ be-an-etiologicnl factor. Some worlcers, hotver-er, 
believe tit a;t coronary arterio- 


sfdemsis_ may„ lead_. to,,, cardiac 
hypertrophy .quite independent 
of hypertension. 

Occlusion may be caused by 
r.upture„pf atheromatous material 
into the. lunien. It will be realized 
by no.w. thatj.contrm’y. to common 
belief, thrombosis .,is..uot.,the in- 
vai'iable .,nor...indeed„the. ..com- 
inoncst cause . .of _ coronary .occlu- 
sion and inyocarflild ..-infarction. 

In my experience the chief causes 
in order of frequency are: (1) 
atheroma, (2) hemoiThage-into 
the intimUj (3) rupture., of an 
atheromatQus....plaque, and (4) 
thrombosis. 

The relation of hypertension to is- 
chemic heart disease has long been a 
matter of debate. In sui)i)ort of 
such a relationship it can be jiointccl 
out that netuly 50. per cent of the 
ischemic cases have a blood pressure 

at least iOOVlOO, and that at _ 

autopsy hypertrojjhied hearts often have atlmromatous coronarias. i he fact? ate 
undoubted, but the cpnchision that they indicate a (‘a\isal relationsid]) w uiwwu- 
' ranted for the .follpwinjg.jt:ea 5 .on.s. .-(1) BptEhyp.ert.en.?iyejn].d jscljei.ni.c.heaJ t disease 
ajp common at tiie.yame. age, period, and about, half the population between the 
ages of fifty and si.xty.liave.b'lood.pcessures of. 150/100, (2) Cardiac liypei Iropliv is 
hpy iipccssarilyj:lue.,.to. h 3 :pei:tension. Coronary sclerosis can also, ])rwhicc .In {jer- 
trppTiVj as stretcliing-of-thaheart bv dilatatiou-serves as a stiiuulus to Injicrtiop p . 
(8) Alheromatous coronarv arteries do not necessarily indicate, ischenua, lov it is 
very difficult to determine the size of these vessels during life by the ordinary 
methofls of the autopsv room. In order to circumvent this flifiiculti' Harrison ami 
Wood in a notalde contrilwtion to this contentious subject injected tlie coronary 



Fro. 175. —Coronary capillary passing 
from lumen into wall. X IfiO- 
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jirterie? with a rarlio-opaquc gel.at.the known_diastolic pressure of the patient and 
OienxhioiQd tliewhole hpart.so.that the arteries .were rendered visible. They arrived 
afThc foUnwingeonclusions; nior^ate.dcgreesr>hcoronar-y-athei-.oma.do-not-neces- 
■‘■arih- e/iji.'^e n.'irrowing; tlio .size of -the coronaries during life varie.s directly with the 
hcart^vei^ht: -the arteries vary sharply between hypertensive and ischemic .cases, 
in the former being large with sinnoth bore, in the latter being narrow' and frequently 
ocflufled; in hypcrton.^^ive cases the heart weight varies with the degree of failure 
during life and not with the height of the blood pressure; in ischemic cases cardiac 
hyj)ertropby is the rule and can be correlated with the duration of failure. 

'i’hc rrlaihw of iraiinia to coronary thrombosis is difficult to decide. 
.Many case.s are reported in the literature where a nmi-pcnetrating injury to 
the p,ree()rdia has heeiuiollowed almost immediat^y . By'''syxQptoras of 
thromlrosis and infarction. In such cases it is reasonable to assume that 
trauma precipitated the thrombosis. The coronary artery is already the 
site of atheroma, and trauma may cause hemorrhage into an atheromatous 
plaque, thus initiating thrombosis. 



Fig 170.— Myocardial fibrosis following infarct. The wall of the ventricle at one side 
anil at the apex is markedly thinned. 


Parkinson remarks that when a man of advancing years is seized 
whiie at test witli siwcie jjain across the sternum, which rontinucs for hoiir.s and 
whhh is accoinjwnieil by .slioek.wou may diagnose coronary occlusion. The chief- 
inridi'iice iiefwecn forty-five and sixty years of age. After .sixty 3 ’ear,s the disea.^o 
is not >o vonunon bomuse of iiwvearing anastomoses and vascularitv in the nwo- 
i‘:n ilium of the left lentricle. Sinldcn death from extreme atheromatous occhision 
of the coi oii-iry arteries .may. occur in tlie early twenties and thirtic-S, as illustrated 
ii\ I lie K'jim t of 1 1 eiu’h and Dock on SO eases hi soklicrs between the ages of twenty 
.iiid t!i.! t,\-'!\ 1 lio pain is uhriqit in oiwet; the patient is well one minute and in 

r i '' ' ' preeordial I)Ut may be epigastric, awl as tla're is often 

.-na it nwyt ayl ;i moderate iencneyto.sis. ;in acute abdominal condition is apt to bo 


'■•'’■■ni-rv I 
-.1 ii.pto.'a, 
to e\: I 


X 


ew-pap.e! aciounts of dentil from acute indigestif)ti are example.s of 
.''ometimes thei-e 

f-.- 


IS no pain. Di'spnca is the most constant 


1 he fme i- ashy jiale and bathed in sweat. Shock is present, but is not 
ni d '.v any ,,f <-i,rr,..nt theories for tramnTitic .riioek. It is a mani- 

1 1 '.eie m.-iv ix* angor atiiini, a feeling of impending ftis- 


Ic.iii failiiri.- 


, b,,'. ^ ■'■ennds.^aeute piilrnonaiw edema, enlargement of the liver, 

"''I'' '-‘’mn.on futures. There an increase in the sedimentation 

m liftli day. a pericardial friction rub wiiich is 
' ■■ '.1 ouen present. The prognosis varie-s. About one-half 
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die suddenly. Of the remainder about one-lialf make a com})lete functional rccovcrv 
and are able . to resume„work. "Tlie other half dcVelop' congestive Tioart, failure (.V 
anginal attacks. 


The occhj.s 2 on isuisuaUyJrL,tlie.antcrioii.desccndiiig hrandi of tiie loft 
ooripiao: ,a.bout.2..,cra..ii:Dm.tbc..-commcnceinent. Distal to the occlusion 
there_may ermay nothe a thrombus. The atheromatous patch- mav ])]o(;k 
thc jiuncn so completely that.not.even.tliefmest.pr.ohe can be passcd-alo!)g 
it. 'j’he result of acute occlusion, most readilymndcrstond when tiirond )osis 
cqinpletes -the occlusion,- is -the. -productiou..of. .it-JUpocardklJufard... Of 
course, if the occlusion causes sudden death there will he no tiine for an 
infarct to be produced. 

The area involved includes the anterior part of- the interventricular 
septum, -the>ap_ex^a.nd.-tha.autmdor«pax-t-oL.the,.yva vcntrich'. 

The papillai;y,,,piuscles, mffeir most^evp^^^^ \Vheii the riglit, coronary is 
oceluded The 'infa'rc^^^^ the 


postcridr half of .niejTTeTvciitriciifar 
sc]3tiTnh lincrtlteTbsteridipajit-ofTlie 
wail p.f---the -left ve'iitricle, with little 
orTYo myolvemynt of the right„yen- 
triclc. ili c immunit y of tlie. right 
ventricle to infarction may be due to 
the, fa.ct .that the Thebesian v essels 
open aluipst entiiply into tipat 
her, so that the waii.oltheLright.vcn- 
tridc-can -receij'.e.... blood, frpra..,this 
cpdlateraLso-urce. The areas are m- 
i'Cg-ulaivin-shape..j>: eIlo'w'ih color, an d 
c3jt.eu_sinax)U]TdccL..i)yLlatTMTzdhe. 
(Plate ^TII.) TJteTn-tger;areas;iui4t 
u.iidergo„sQfteningk(mypmalacia-Cor- 
dis), and this may lead to rupture 
of.,.tKe_Jie 2 irt. Jf the end-ocardial 
suxfa.ee J^jixvolv.ednU. thromlyi !?ryvjll 
J]-T. 4 ?-ecroiicLarea, and 
if the,pericard-iaLsui:face-is-im’oU:Gd 
there y:illJ3cm.-p2itch.u>f~pcr.icx2idd^ 
The area of o ericard iti & JsmiQrC-ex- 
tensiye than the ,appareut „area- of 
infarction. Embolism, sonietinies 
fatal,, may occnr. as .a result of the 
mural thrombus becoming detached, 
'^riicre is a dmible Threat. ..oLembo- 



I'lG. 177. — Aneurism of iiearl show- 
ing bulging and ( binning of ventricular 
walk 


lisni jn myocardiaL.,mfarction,..s>^- 

temic from themurabthrombus and.pnlmpnary from venous thrombosis.in tin; 
leg which raayresult from circulatory failure and conhuement ito ]>cd. Grtnln- 
ally the infarct becomes replaced by fibrous -tis.siie, so that it is represented 
by a white patch of -scar visible both on the eijdpcardiaL.ajid.oii.the. cut 
siirfitce with cprrc.sppnding- thinning of. the wall of tiie.ycntriclc. (Pig. 170.) 
vSliould the patient survive for some time the weakened area will give wtiy 
;uid bulge outward, so that an uiarked 
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tlunning of the wall. (Fig. 177). This usually involves the anterior wall 
of tlie left ventricle near the apex. In course of time this. aneurism may 
ruptiire., ea\ising sudden death.) Rupture of the heart may, therefore, be 
the result of a recent infarct or of a cardiac aneurism. This is the only 
way in which a person may die of a broken heart. Sometimes a thrombus 
will form on an area of scarring, even though there is no recent necrosis. 
A heart which is the site of an old infarct is usually hypertrophied; in many 
cases this hypertrophy is not related to hypertension. Cardiac hj-pertrophy 
may be caused by anoxia of the myocardium. In transposition of the great 
vessels the coronary arteries arise from the pulmonary artery with resulting 
myocardial anoxia and marked hypertrophy of the left ventricle. 



1 K. ITS — hifuict of heart, early 
i-iaac. The ilarh material leprC'ents 
i\ormal mu'i'le hhei>, the |i;ilo area> arc 
ileyeueiateil liter,' X 200, 



Tin- 111 (rro, VC. ajipiunuia- of the infarct depends on its age. The 
>v(i\\ei\ee t.i e\ein> \\u> determined in the experimental animal by Karsner 
and l>v\er in lUUi, and more recently in the hiunitn subject by Kenneth 
Mallory ;ind Id', a^-,oeiates. Necrosis is not evident till the end ol' six hours, 
vhen the uuiseleUbers become hyaline and stain a deeper red with acid 
<.>t 1 la- striations iire iiidistinct and fintilly lost, the cletir outline of the 
himrs are nuv s-mal-ed, lim >paees between the fillers are filled with granu- 
am 1 the uudei disajipear. Some of the fibers mav become swollen 
aiu ' ....■UMiatrd Uelore tli.Mnu-rating. (I'ig. ITS.) In the/tV.vf tm,>/r there 
•' I'- i.' w.urphuntuh-ar mliliration of the necrosed area at the end of 

Tv i.-asm. and by i!u- fom-ih rhay tlii' has beeuine marlmd. Re- 

bi'viii'i. In the srniitil irrrl: this removal i.s 


i'.i'.jvrJ oXthe iseeni'! ii ti"n< 




PLATE IX 



Fibrosis of the Myocardium, the Result of Coronary Occlusion, 

The heart niuselc is red, the fibrous tissue blue. (Mallor3'’s connective 

tissue stain.) 
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carried out hy great numbers of pigment-filled maerojdniges, wliieh replace 
the ])olymorphoimelears. _ The pigment is partly miiseie jtignu'nt and 
I)artJy blood pigment resulting from hemorrhage from greatly distended 
vessels. Xeu‘ capillaries. and fibroblasts grow into tlie infarct ed area. In the 
lliird removal of . the dead muscle, may . be eomjdeted in small 
infarcts, though much delayed in large lesions. The fibroblasts begin 
to form cfdlagen. From the. fourfli to the -.vixili week collagen 
formation is marked. (Plate IX.) By the end of ihe second jiinidli 
tlm yu'oeess is complete and tlic infarct is healed. All the dead mnsele is 
re{)laced by dense sear tissue, and only a few cells and granules of blood 
])igment remain. (Fig. 1 79.) The speed of the ]-)rocess varies witli the size 
of the infarct and the state of the remaining circulation. 

' Gradual occlusion of the vessel will lead, be the same end-result, i. e.. 


nivocjmlial scarring, though withymtjhc prm^^ of an infarct. In this 
case the .muscle fibers gradually (He and arc replaced by fibrous tissue, the 
condition inappropriately called chronic interstiti/d myocarditis. Xo blood 
in'gment is found in these le.sions. Fatty degen oration can. be. demonstrated 
iuJ:li(Lsiowly..clying-fii)ers;.this.is,uot.,.thc„case in an infarct. 


It not. infrequently li:ipi)ens that i.n an auto])sy on a per.son .who has had no cartliac 
syin))loins and who has died as (he re.sult of some other disease one is astonished to 
tm(Ii.he-lcfii.corouary„eQinplctely,blockcd.by,!itherpma. d'lio explan.‘itif)n is that, a 
collalend circulation has .slowbv .l,)cen established. 9'hc work of Bhungart and 
Rchlesinger has demonstrated the part idayed by collateral vessels in a striking w.ay. 
The coronary arteries were injected witli a radio-opaque Icvid inass of difTerent 
colors, followed by combined, rpcntgciiqgraphic^and dl=scction .studie.s. The right 
arteiy was coloi'cd red and the left blue. Fine anastomoses less than 4(),,iui(’rons in 
diameter exist between the two sides, but these are of no functional value and do 
not pci-mit })assage of the injection ma.ss. As the re.sult of sJfijCMbstawtlpn, uhun- 
d.ant wide anastoinoses dcvcloj), so that subsequent sudden obstruction may not 
result in infarction because the collateral circulation keeps .alive the area deprived 
of its normal blood supi)ly. This explains how it is that the site of an infand. doe.s 
not necei;s.arily bc.ar a (tomstant relation to the site of occlusion. This an.astomotic 
circulation de.volo])sonly where and when it is needed, either as a rcsidt-of diminislual 
coronary flow, or as a residt of increased demand in a heart undergoing hypertrophy. 

In rare cases there may hc^inf(wMiou.Andij}nX,cil^ 02 lii}:u.MTbi^'>on. These cases, 
which are very })uzzling, must be attributed to relnlm myocaidial ischemia, which 
may be only tcmiKWary. In mo.st of the c.ascs Inqiortension has (.)ccn present, a 
condition in which vasoconstrictor idicnomenu are common, and in which there is 
myocardial hy))crtroi)hy with a corrcsi)pndingly increased demand for blood. There 
may be a temi)orary fall of the intra-aortic blood-prc.«surc, or failure of the mechan- 
ism regulating coin))ensatory dilatation of the coronaries. Finally, the i)athologist 
may have failed to demonstrate f)cclusion of one of the smaller arteries. When the 
coronary vessels are examined by the combined injection-dissection technic- it is 
found that almost, two-thirds of the occlusions arc less than 5 mm. long (Schlesinger 
and Zoll). Such short occlusions arc easily overlooked. 

Bhuation of Symptoms to LT:siox.s.--Tiie sudtlen })ain, distress, dysj)nea, 
angor animi are due to the heart having received a sudden trauma from the cutting- 
off of the blood supidy to jjart of the muscle. When any muscle is suddenly depriverl 
of its l.ilood supply as by embolism it gno.«! into a jiainful s])asm. An orrlinary muscle 
can be rested, but the heart t-annot afford to stoj) and rest. TJie leucocytosis is due 
to the formation of what is jiractically an aseptic at)?ccss in the heart. The fever 
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is probably in tlie nature of a jirotein reaction from the dead tissue. The pericardial 
friction nib i.^^ due to the pre.sence of a patch of aseptic inflammatioii caused by 
iiecrosi.« of tlic muscle on the surface of the left ventricle. It is not heard in occlusion 
of tlte right coronary arterj', as the affected area is on the posterior surface of the 
heart. 

There is a growing feeling amongst clinicians that there may be some connection 
between gall-bladder infection and coronary thrombosis. Patients with gall-bladder 
disea.'-o in.ay .show .symptoms of early cardiac failure or angina pectoris. There may 
be only .^ymjjtoms or definite cardiac lesions may be present. 

Axgix.\ PiX'TOKis.— Angina i)ectoris or sudden pain in the chest is a clinical 
rather than a i)athologieal entity. Tn its typical form it differs sharply from the 
cliiiicarpicfuie of'acute eoro'naryPcclusion, for'llie pam iiTangiha'cdmcs on as the 
re.s'ult of sudden exertion or emotional excitement_and goes off when this has pa.s.sed, 



1' iii IH) l iiUy de^eueriiUou ihe heart. The ‘ Ihrurii breast” appc.arancc is well 
shown From a case of profound anemia. 
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to pass down the arms, particularly the left, and there, i.s none of the fever 
icytosis o( infarction of the. lieart. In many caso.s, however, the pictures 
sa to-cthev, and a person may have a number of attacks of angina peetori.s 
!1\ die of coronary occlusion. Tlie patient may die in the first attack as in 
of Di . .Arnold of Kugby, or he may have many attacks as did John Hunter, 
wibed one of the.-e in the following vivid words: “As I' wiis walking about 
ii 1 .-a-t iny eye- on a lonkiug-gb-s and observed my eountenanee pale, my 
tc. c.'id I Ic.e.l the appearanve of u dead man looking at him.self.” 

beiicvc-d tlmt the pain is d«e to temiwrary myocardial ischemia, 
tc'on-d,t on by physical exertion or emotional excitement which 
on the heart. The i-chemia is relative, and mav be 
no ... .N .A coron-ry atheroma. syphilitK- aortitis, aortic .steno.-ds, etc.," hut 
i.MRCtrop.hy Without a correspomling increa.se in the coronary eir- 
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filiation. It is evident that anginal jattaeks .jniay finally, tcnninnte. in -cardiac 
infarction. 

C'oiioxAUY .^KTKUY Cai.cific.vtion IX. Infaxcy.—A ]Hr<';zlina condition i.s the 
occnm'nce of extensive calcification of tlie coronaries in infants leading to death in 
a few days or wock.s. It has been reported in the stillborn. There may be sonic 
Inocheinical disturbance of the gi'onnd substance or the elastica, or the cahnficalion 
might be metastatic. There is no evidence of prel-.xisting arterial disease, bone 
disease, hyperjiarathyroidism, chronic renal disease, nor hyiiervitaniinosis D. The 
c<,indition may occur in siblings, and there may be calcification of the iirterics in the 
brain, lungs and abdominal viscera, and in the aorta and myocardium. 

SnnniiN Caudi.yc I.)i:ATn.“~Whcn a jierson die.s suddenly of hcavtjailure. (instan- 
taneousdv or in the course of a few minutes or hour.s), the cause mav lie in the mvo- 


cardium, the coronary arteric.s, or. the aorta, 
due either, to softening of- an infaret-or 
to the formation, . of an , aneurism. of the 
heart at the site.of a scar. Sudden death 
on exertion may follow the myocardial 
degeneration ofdiiihtheria. (2) Coronary 
occlusion is the commonest cause of sud- 
den cardiac death. The occlusion may be 
at. the mouth of the artery as in syphilitic 



Fig. ISl. — Myxoma of heart grow- 
ing from wall of left, auricle. 


(1) There .may be rujiture ofjhc^hcart 



Fig. 1S2.— Glycogenic tumor of heart, 
X IGo. 


aortitis, or in thc.course of the artery as.in atheroma. (.3) In the, aortic grotpi may 
be jilaced rujiture of an aortic aneurism, .some cases of angina jieetoris, and aortic 
inconpiotence. Finally there remains a group of cases in whicli the patient dies of 
sudden heart failure, but no satisfactory rau.«e can l>e found at autojisy. Such 
cases may bo put down to shock, status lymiihaticus, or a Ansitatiou from God. 

In relation to the last group the extensive exi>erimental and clinical observations 
of Raab merit consideration. This worker suggests that many cases of myocardial 
failure and sudden cardiac death are not due to mcclianieal factors sucli as coronary 
occlusion or arterial hypertension but to an accumulation in the lieart muscle of 
epinephrine, which, is. capable of -causing myocardial anoxia-a.s a spccifir.inetabolic. 
eiteci... The epinephrine may be either discharged in excess (jiheocliromor'ytonia, 
angina jicctoris without coronary disease, sudden cardiac death witiiout adequate 
le.sions), or oxecssively uetivated (thyrotoxic heart). Such a concejit might serve 
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to cxjilain o'iany cardiac puzzles where the lesions found at autopsy fail to agree 
with the ciinioai picture observed during life. 

Tu.xum.^tic Injury.— Nonpenetrating injtiries to the heart may result in a variety 
of iesions. There may be partial or complete laceration of the myocardium. In the 
former ca.'^e rupture may occur .some days later. The trauma may produce infarction 
due cither to coronary angiospasm or to hemorrhage into an atheromatou.s patch 
in the intima of a coronary artery with consequent thrombosis. Pericardial effusion 
may occur, and even subsequent constrictive pericarditis has been rejjorted. In 
occasional cases a blow to the chest has resulted in death, although autopsy failed 
to reveal any structural damage to the heart. The importance of the subject from 
the medicolegal and comjrensation standpoint is olndous. 

Tu.mors of the Heart.— Primary tumors of the heart are very rare, and need 
only be mentioned. My.xoma is a soft pedunculated tumor growing from the wall 
of the left auricle at the site of the closed foramen ovale. (Fig. 181.) The surface 
may be papillary in character. The microscopic picture is myxomatous, but may 
suggest that the tumor is really an endothelioma. Fibroma, angioma, and rhabdo- 
myoma have been descriijed. The so-called rhalxlomyoma is better named con- 
gcmlaJ glijcogrtuc tumor of the heart (Batchelor and Maun). It presents a character- 
istic vacuolated aiii)earancc due to great .accumulation of glycogen in the tumor 
cells. (Fig. 1S2.) These tumors are seen chiefly in infants and the newborn. They 
arc really develojmiental tumors, and are often associated with tuberous sclerosis 
of the brain and developmental defects in the kidneys. 


CONGENITAL HEART DISEASE 


A great variety of congenital abnormalities of the heart may occur, some 
wry rare, others incompatible with life. c. p., absence of the heart, ectopia 
coialis, displacement of the heart in the neck or the abdomen, etc. There 
may he minor defects such as a lacunar fenestration of the semilunar valves, 
uhicli are of no functional significance. Only the commoner conditions 
will he touched on here. For a fuller account the writings of Maude 
.■\hhott and the hook of Helen Taussig should he consulted. 

'The key to most of the defects lies in variations in the formation of the 
se])tum which divides the heart into a right and left side. The primitive 
heart consists of three chambers, auricle, ventricle, and aortic bulb. Sepa- 
rate sejUa are formed which di\'ide these chambers longitudinally into 
right and left sides, and subsequently fuse. If anything goes wrong with 
this fusion, congenital defects will result. 


While the septum which divides the aortic bulb into aorta and pul- 
monary artery is being formed, a spiral twisting occurs so that the pul- 
luonnry artery nvoves forward and to the right, the aorta backward and to 
the left. J{ this twisting does not take place the aorta will rise from the 
light ventricle and the pulmonary artery from the left. This condition is 
linown as <ij ilir great jvwc/.y. 

Much commoner is a deviatiaii of the nejAiim, nearly always to the right, 
S' I that the pulmonary artery is narrower and the aorta wider than normal. 
In Uiis \\a> i>nlmouary stenosis is produced. The bulbar septum is now 
unable to fuse with the ventricular septum, and the root of the aorta is 
astru.e tl.c latter so as to arise partly from the left and partly from the 
ng.it Ventricle. A gap remains in the upper or membranous part of the 
mtcrviaitnimlar septum. 
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I‘]ven if the deviation of the bulbar septum is not sufficient to brinp: the 
aortic opcniiiK astride the ventricular septum, the upper part of that 
septum vi 11 still tend to remain open, for the narrowinjr of the pulmonary 
oi)eninK raises the_ pressure vithin the right ventricle so that the blood 
tends t(t fhnv from it into the left ventricle, thus interfering 'vith the closure 
of tlie opening in the intervejitricular septum. The same liold'slrue for 
closure of the interaurieular se])tum and the ductus arteriosus which 
connects the pulmonary artery with the aorta in intra-uterine life. It is 
for this reason that pulmonary stenosis is so often associated with other 
(congenital cardiac defects. Deviation of the .septum to the left will cause 
stenosis of the aortic opening, a much rarer condition. 

About the only fact of importance known about the pathinjinim-s. of 
congenital heart disease is the relation to maternal rubella in early preg- 
nancy. The virus of German measles is apparently able to pass tlnbugli 
the placental barrier in the earlier three months of pregnaiucy and to damage 
early somatic fetal development; ])a.ssage in the later months can occur, 
but is much less frequent. Other common anomalies re.s\ilting from mater- 
nal rubella are ocular defects, deafness, and mental retardation. It would 
a])pear that if a woman contracts rubella in the first two months of preg- 
naiK'y the chances of lu'r child being born d(‘f(;ctive are about 100 per cent; 
if she contracts the disease in the -third month the chances are about 50 per 
cent; whereas later in pregnancy the chances are very low. 

The all-important feature of congenital heart disease is the possibility 
of an intermingling of the blood in the systemic and pulmonary circulations 
as the result of an arteriovenous shunt. The three common causes of 
left-to-right shunts are ])atcnt ductus arteriosus, auricular septal defect 
and ventricular septal defect. In all of these the lungs become overloaded 
with blood. .\n equally important clinical distinction is between cases with 
cyanosis and without cyanosis. Cyanosis will be caused by a right-to-left 
venous-arterial shunt, because venous blood then enters the .systemic 
circulation. As the })ressure on the left side is normally higher than on the 
right, special complicating conditions are necessary for the flow to be re- 
versed. By far the most important of the.se is pulmonary stenosis, in which 
too little venous blood goes to the lungs and too much goes to the left side 
of the heart. "J'lie fiow througli a septal defect may originally be from 
left to right, but when the left ventricle begins to fail the direction of flow 
may be reversed. It is. therefore, important to dilVerentiatc b(^twe(m 
cyanosis which has been pre.sent sim.-e birth (blue baby) and cyanosis which 
has developed only when cardiac failure has set in. .\part from cardiac 
failure, (wen the most extreme '(U'gree of cyanosis is not associated with 


edema, a highly characteristic feature. 

Congenital defects are ])oints of weakness against bact(irial infection. 
Not infrequently the patient with congenital heart disease dies of subacute 
bacterial endocarditis. The vegetations may be fo\md on a bicuspid aortic 
valve, a stcno.sed pulmonary valve, or at the site of coarctation of the 


aorta. 

.At least 90 per cent of the patients with congenital disease of the heart 
and great vessels fall into one of four groups. The.se are. in their order 
of freoiiencv; S(mtal defects, coarctation of the aorta, patent diu'ttis arterio- 




332 


THK HEART 


to explain rnanj' earcliac; puzzles where the lesions found at autopsy fail to agree 
with the elinicai pieture observed during life. 

Thavmatic Inmury.— Nonpenetrating injuries to the heart may result in a variety 
of lesions. There may he partial or complete laceration of the myocardium. In the 
former ease rupture niay occur some days later. The trauma may produce infarction 
due either to coronary angiosp.-ism or to hemorrhage into an atheromatous patch 
in the intima of a coronary artery with consequent thrombosis. Pericardial effusion 
may occur, and even subsequent constrictive pericarditis has been reported. In 
occasional cases a Irlow to the che.st has resulted in death, although autopsy failed 
to reveal any stnictural damage to the heart. The importance of the subject from 
the medicolegal and compensation standpoint is obvdous. 

Tumors of the He.art.— Primary tumors of the heart are very rare, and need 
only be mentioned. My.xoma is a soft pedunculated tumor growing from the wall 
of the left auricle at the site of the closed foramen ovale. (Fig. 181.) The surface 
may be ]oapillary in character. The microscopic picture is myxomatous, but maj- 
suggest that the tumor is really an endothelioma. Fibroma, angioma, and rhabdo- 
myoma have been described. The so-called rhabdomyoma is better named con- 
fjCTiffnl glycogenic tumor of the heart (Batchelor and Maun). It presents a character- 
istic vacuolated .aiJiienrance due to gieat accumulation of glycogen in the tumor 
cells. (Fig. 1S2.) These tumors are seen chiefly in infants and the newborn. They 
are really dcveloimiental tumors, and are often associated with tuberous sclerosis 
of the brain and developmental defects in the kidneys. 


CONGENITAL HEART DISEASE 


,\ gr(‘at variety of congeniud abnormalities of the heart may occur, some 
\ (‘ry rare, others iiicoinpatilrle with life, c. fj., absence of the heart, ectopia 
cordis, displacement of the heart in the neck or the abdomen, etc. There 
ina\' be minor defects such as a lacunar fenestration of the semilunar valves, 
vhich are of no functional significance. Only the commoner conditions 
will be touched on here. For a fuller account the xvritings of iMaude 
.\bbott and the book of Helen Taussig should be consulted. 

3'he key to most of the defects lies in variations in the formation of the 
M'ptum which divides the heart into a right and left side. The primitive 
iu-art consists of three chandlers, auricle, ventricle, and aortic bulb. Sepa- 
rate sejita are formed wliich divide these chambers longitudinally into 
right and left sides, and subsequently fuse. If anything goes wrong with 
tiiis fusion, congenital defects will result. 


))diile the septum which divides the aortic bulb into aorta and pnl- 
numary artery is iieing formed, ;t spiral twisting occurs so that the pul- 
iniinary artery ino\ es forward and to the right, the aorta backward and to 
the hit. It this twisting does not take place the aorta will rise from the 
tight letitricle :uid the pulmoiutry artery from the left. This condition is 
known as trut'.ypn.vtfttKi of ihu ejrciil cc-'tni'Lf. 

Much commoner is a dccintion of (hr Ncpfitni, nearly always to the right, 
>■> t!ut the luduumary artery is narrower and the aorta wider than normal. 

It i}ii> wa> luihnonary stenosis is produced. The bulbar septum is now 
inuiUe to fuse with the ventricular septtnn, and the root of the aorta Is 
‘' r. ^ so us to arise p.artly from the left and partly from the 

rigm v.-utrule. gaji remains in the upper or membranous part of the 
cn.tni-nlar .septum. 
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with a small or closed ductus. Owing prob.ably to j 
there i.s a marked tendency to thrombosis, particularly 
vessels, .and this, may lead to a fatal termination after, 
before, operation. Widesi>rcad tlirombo.sis of the snn 
vo.sseis is extremely commonVan'd niay N\ e}l)Tdd to tlie difFr 
tion (Rieb). 'i'hcse thrombi may become organized, 
Aoutic Valvk Lksio-N's.— A ortic stenosis is much ha 
jtnlmonar.v stenosis. Apart from , stenosis there may 
number of t;usj)s, two or four. A bicusjtid aortic vah e is 
to .suffer from .subacute bacterial endocarditis. Gross poi 
bieusj)id aortic valve is really congenital in nature it w 
witli other developmental cardiac defects; 
such eases are usually seen in children. In 
adults the condition is irsually acquired in 
nature, rhenmatie in origin, and not associ- 
ated with other defects. 

Coarctation of the Aorta.— This is a con- 
dition of uarrowing .of . the Rovtn icgarciarc, 
to press together) in the region wlierc it is 
j oined by._t]ic. rht ctu s a i’*erip„s’ '^',1 ’wo form s 
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sus, and the tetr^q£V_aLEallot. The last three are amenable to surgical 

treatment. . 

Pulmonary Stenosis.— This is the most important of the congenital 
heart lesions. Though associated with marked cyanosis the condition is 
(•ompatible with fairly long duration of life. The opening i^narrpwed, and 
in addition the cusps are commonly fused together to form a diaphragm in 
the center of which there is a circular opening. The valve is usually 
sclerosed, but may be of normal thickness. Instead of three cusps there 
may be two or four. The wall of the right ventricle shows a marked work- 
hypertrophy. In rare cases the stenosis may be either proximal or distal- 
to the valve. The condition may be associated with patent foramen ovale, 
deficient interventricular, septum, and patent ductus arteriosus. The 
usuaLcaiise of the condition is a deviation of the bulbar septum to the right, 
so that an unduly .small pulmonary artery is but W frdm a larp 

aorta with -the production of .the ictralogy of Fallot, i. c., pulmon ary stenosis , 
disiilacemcnt of the aorta to the right, enlargement of the right ventricle, 
and a defect in the interyentricular. septum. About 7o per cent of blue 
babies (congenital heart disease with cyanosis) are examples of the tetralogy 
of Fallot. It is possible, though by no me:ins certain, tlrat a small number 
of cases are due to fetal endocarditis. Those cases in which the valves arc 
sclerosed and adherent, but without any accompanying displacement of the 
aorta or defect in the interventricular septum, may be inflammatory rather 
than developmental in origin. The Eisenmengcr cnmplccc is a rare variation 
of the tetralogy of Fallot without pulmonary stenosis. The blood from the 
left ventricle is thus aide to pour directly into the pulmonary artery, as a 
res\ilt of which that artery may be markedly dilated whilst the aorta is 
smaller than normal, changes which are readily detected by the roent- 
g(‘nologist. Cyanosis is late and slight. Pulmonary hypertension is 
marked, which explains the atherosclerosis in the pulmonary artery and 
tin* muscular hyperplasia and necrotising arteritis which develop in its 
branches (Old and Rus.sell). 


The diagnosis of pulmonary stenosis can now be made during life with a 
liigh degree of accuracy. In addition to such features as marked cyanosis 
(the classical “blue ■ baby”), compensatory polycythemia, low oxygen 
content ol the peripheral blood, and severe dyspnea, the roentgenogram 
rcvt'als the small size of the pulmonary artery. 

From what has already been said it is evident that the condition of the 
ductus arteriosus is all-important, for it is by this route that the lungs 
j(.(.^,i-\-e xlipir niain blood sup{)ly. If partial closure of the ductus occurs, 
the condition of the child may become extreme or desperate. For the relief 
of such a condition Blalock and Fiiussig h.ave devised an operation which 
has succeeded in restoring the circulation to normal and the child to health, 
liie lu'inciple is to. bypass the obstruction by constructing an artificial 
ductus arteriosus, so that an adequate supply of blood is poured into the 
piihiiourirv eireuhuion. This is done by anastomosing the innominate or 
ie't .'Uhc.;;\ !;in artery to the right or left puhiumarv arterv just distal to 
tlie^lMhireation of the main artery in such a way that the blood flows to 
I- > 1,1 I”"-'- In UKiny instunees tiie most dramatic improvement has 
rerUitu... the most suitable cases are tiiose presenting the tetralogv of 
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I'allot v'itli a small or olosed ductus. Owing probably to tbo polycythemia 
there is a marked t<’ndeucy to ihroinbosis, particularly in tlie cereitral 
vessels, and this inay lead to ii fatul.tcrniination aftcr^.and occasionally 
iiclorc, operation. ^V|de.sp^ead thrombo.^'is of tlic smallest pulmonary 
vessels is extremely (;omnfonr'u'nd in'ay'wen the difiiculty of ox‘ygeha~ 

tion (Kich). These thrombi may become organized. 

.•\oivTic Valvk Lksioxs.— Aortic stenosis is much Ic.ss common than 
])ulmonary stenosi.s. .^Vpart from . stenosis there may be an abnormal 
number of cusps, two or four. A bicuspid aortic valve is peculiarly {iai)lc 
to sulicr from subacute bacterial endocarditis. Gross points ont tiiat if a 
bicuspid aortic valve is really congenital in nature it will lie assfieiaU-d 
with other developmental cardiac defects; 
such eases are usually seen in children. In 
adults the condition is usually acquired in 
nature, rheumatic in origin, and not associ- 
ated with other defects. 

Coarctation of the Aorta.— This is a con- 
dition of narrowing of- the aovUi^icogrclare, 
to press together) in the region wlierc it is 
i‘ 2 iil£fU^Xt^’t.-dnctus arterio.sus. Two forms 
arc recognized, the infantile and adult, de- 
pending on the relation,.of.the.constrictioji to 
the .ductu.s. I 

.stri et ion,is,pro:dmaLtQ.the>ductus. bctM'ceii 
it and-tba.subcliu:iaiv-<'udx'.i-y.,a.nd the ductus 
rcinains widely patent. Other cardiac an- 
omalies are common in this form. In the 
aduJt itjpe- tlie-constriction-is at or just distal 
to the ductus, which-Js^obJiteaated. Other 
anomalies arc rare, hut subacute, bacterial 
endocarditis is a common cause of dcatli. 

The infantile form is not compatible u'itli 
continued life, and is found in the still- 
born and young infants. The narrowing may be .so . groat that the 
opening may barely admit a probe. In the adult form the hloqd makes its 
way to the lower part of the body by means of greatly dilated collateral 
vessels, the siibscapular. and ..internal .mammary, arteries .from tlie suli- 
elayian anastomosing. -with the. intercostals and epigastrics respectively. 
(I'ig. 1 8.3.) This collateral circulation fails to .develop .in.thejnfmitile type, 
as the Idqodfr.oni the. patent ductus eiitcrs.the aorta beyond tlu' obstruction. 
Tldfclinical picfurc is characteristic, i. c., arterial jnpcrtension in the npj)er 
part of the body, large.pulse volume. in the arm and small in the leg, p^d- 
pahle or visible vessels along the dorsal border and angle of the scapula 
(subseapular collaterals) , and a grooving of. the ribs in. the roentgen-ray 
film (internal mammary and intercostals). 

It is now possible to excise the stenosed segment and join the divided 
ends, or even to insert an aortic graft. After this surgical io7fr dr foroc the 
clamps on the aorta must be released gradually, otherwise the sudden re- 
lease of pressure may lead to f.atal fibrillation of the left ventricle. 



Fig. 18.3. -CoarcUation of 
aon a ivit li t-olla t oral circula- 
tion. (Maude .Abbott and 
Daw.son, International Clin- 
ics, courte.sy of J.B Lippin- 
colt. Company.) 
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Patent Ductus Arteriosus.— The ductus arteriosus is the channel by 
\vhich in intra-uterinc life the blood passes from tlie right heart into the 
aorta without passing through the lungs. It arises at the bifurcation of the 
puluionary artery and ends in the aorta beyond the opening of the left 
subclavian artery. It is patent at birth, but becomes obliterated dming 
the third and fourth weeks of extra-uterine life. It often remains open as 
the result of other congenital defects. 

\Mien the ductus remau\s patent, a condition which is twice as common 
in females as. in males, the idood flows from the aorta into the pulmonary 
artevy. In \uwomplicated cases, therefore, there is no cyanosis. There 
may, however, be a temporary reversal of flow owing to heightened pul- 
monary pressure, as in prolonged crying, violent physical exertion, or termi- 
nal heart failure, with resulting cyanosis. If the ductus is acting as a com- 
pensatory mechanism to other congenital cardiac anomalies, cyanosis may 
l)e present even under resting conditions. There may be a rumbling systolic 
murmur and thrill in the pulmonary area. It is possible to pass a tube into 
a vein in the arm, and onwards into the jugular vein, right auricle and 
ventricle, finally entering the pulmonary artery. By this means the pres- 
sure effect of the flow of arterial blood into the pulmonary artery can be 
demonstrated and the increased oxygen content of the blood can be deter- 
mined, so that the diagnosis can be confirmed with absolute certainty. 

Although the condition is compatible with a long and active life, in the 
great majority of cases life expectation is considerably shortened. The 
grc.'rt danger is the development of Streptococcus viridans endarteritis. 
This tin .-at can now be averted by ligation of the ductus, or even better, 
by com])icte division. 

Auricular Septal Defects.— Patency of the foramen ovale is the common- 
est and the least important of all congenital cardiac anomalies. The fora- 
men remains patent in about 25 per cent of normal persons, but, as the 
opening is usually very small and oblique or valvular, little blood can 
l)ass from one side to the other. 

.■\ true sejjtal defect due to failure of development is quite another matter, 
'rile opening may be very large. I have .seen one 5 cm. in diameter in a 


middle-aged woman, and in such eases there may be a trilocular heart with 
what amounts to one auricle and two ventricles. The proportion of females 
to males is lour to one. Blood passes so readily from the left side of the 
heart to the riglit that both the right auricle and the right ventricle become 
greatly dilated and hypertrophied. The large volume of blood which is 
pum])ed St) continuously into the pulmonary artery leads to a remarkal)le 
degret- of dilatation of tliat vessel, and athero-selerosis may he marked in 
it and in ii.s branches, fllte aorta is small and hypoplastic. '^I'wiee ;is 
jmkh hlti^id may jiass through the puhnouary as through the 
.'NsTtame eirenlaiioii. for this reason there will be no cyanosis until 
e.u-dim- failure sets it. and the patient may live from tbirtv to fiftv years. 
P.iraah.Kica! embolism may oceur throngb the large opening in the'septmn 
l-iir. :;i. page CAi. 'fhe «fiagnosis can lie made with aceuraev from the 
lov.d pulmonary systolio murnttir caused hy hlood rushing itPn the dilated 
pulumtuiry artery, the large pulmonary artery shadow and the small 
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aortic shadow in the .T-ray film, and marked right axis deviation iu a 
person in faii’ly good health except for dyspnea. 

■ The Liifemhacher syndrome is a yaria.nt.of auricular septal defect with the 
addition of rheumatic valvular disease, either stenosis or incdmjjctence. 
The left auricle remains small owing to the bypass through the defect, in 
striking contrast to what is. found in ordinary mitral stenosis. Tlie pul- 
monary artery is again dilated. 

Ventricular Septal Defects.— An uncomplicated defect of the ventrieuhn- 
septum is known as Royor’s disease. The opening is usually small, situatf-d 
in the membranous part of the septum, and causes little disturbancce It 
may, however, be much larger and in some cases there is complete absenet' 
of the septum, so that the heart has one ventricle and two auricles. Kight 
ventricular hypertrophy, dilatation and failure will result, but here again 
cyanosis will be absent except as a terminal phenomenon. When a.ssociatcd 
with pulmonary stenosis, as in the tetralogy of Fallot, cyanosis will be the 
dominant feature, because now the shunt will be from right to left. 


ENDOCAimi.\L Fibroel.-vstosis. — This peculiar and rare lesion of infants is 
characterized by marked thickening of the endocardium of the entire left and oc- 
casionally the right ventricle, so that it has a white, thick, oj^aque appearance. In 
addition there is a remarkable enlargement of the heart, which nia.y be several tirne.^ 
the normal weight with dilatation of the ventricle. The thickening of the endo- 
cardium is due to proliferation of fibrous and-connective tissue, d’iie clinical picture 
is that of congestive heart failure ending in death. The condition always occuns in 
hearts with associated malformations which would produce endocardia! anoxia, 
sucJi as an anomaly of the coronary vessels, valvular atresia with stagnation anoxia, 
and ])remature closure of the foramen ovale which prevents the flow of oxygenated 
blood into the left ventricle before birth (Johnson). 

Relation of Symptoms to Lesions.— If there is cyanosis it may be present at 
birth (“blue baby”), or may develop later. It is due to the venous blood on the 
right side mixing wth the arterial blood on the left. A compensatory jiolycythcmia 
or increase in the number of the red blood cells takes place so as to compensate for 
the deficiency of oxygen. The size of the erythrocytes, is also incrca.sed, so as to 
average 8 microns or more. Dy.spnea is a common symptom due to deficient, 
ox 3 '’genation. The patient is small and punjL There is clubbing of the fingnr.-=, 
as often happens in conditions of poor oxygenation; the terminal jilialangcs are 
thickened and the nails thick and curved. Various murmurs and thnll.s may be 
detected, but none are jiathognomonic. The ab.sence of })nlsation in the lower 
extremities in coarctation of the aorta is veiy clv.macteristiin An occasional compli- 
cation is metastatic brain abscess, usuall,y occurring in the tetialngv of lallot. The 
alxscess is neaily always single. The sejital defect apiiarontly jiermits a short 
circuiting of the circulation through the lungs, .so that oigani.sms ma}’' leaoli the 
cerebral circulation, although wlp’ ab.sce.ss formation shoulci be limited to the brain 
and to onl}' one spot in the brain remains a mj'stcrj . 


THE PERICARDIUM 


Pericarditis.-Iiiflammation of^thcpericardiuni is usually rheumatic in 
•igin and forms part of a rlieumatic carditis. Flic pneumococcus is the 
kt commonest cnuse,.sprcadiug from a pneumonic lung to the riericardium 
c wav of the lymphatics. It may occur as a complicalinnjmsepticemia 
• any.oltha.infectiousim:cr.s. The tubercle bacillus may he the infecting 
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agent. Finally it may be a terminal condition in chronic debilitating dis- 
eases, particularly Bright’s disease (uremic pericarditis). 

S'i'MPTOMs.— The chief clinical features are fever,. precordial pain, and a friction 
rub u'liich at fir.st may be soft like the rustling of silk, but later is rough and rasping 
like the creaking of leather. Ko acute infection maj' be more insidious in onset 
than pericarditis, and tliere may be no fever, no pain, no friction. Often the condi- 
tion is discovered for the fir.st time at autopsj-, to the great surprise of the clinician. 



Pio. 18-1 --.\cutc pericarditis. The shaggy- nature of the e.xudate i.s well shown. 


I.i.Nio.Sr'. 1 lie jicrictu’tlium shows the usual characteristics of inflam- 
luation of a serous inembraue. A thick fibrinous dejiosit is laid down on lioth 
tlu- M.-,reral tiiul jiarieuil layers, giving the heart a .shaggy (“bre;id-and- 
aitter ) ;ii)j)ear;mce. (big. 18-1.) Its gross and micro.scopie chanicters have 
already been dcseribetl in connection with riicinnatic heart disease. There is a 
yiryingainount of serous exudate, scanty in the rheumatic form but abuii- 
dant and suinetunes purulent in pneumoeoeeal and otlier infections. The 
Hmu celhvt. hrsi at the base of the heart. Tlie fibrinous exudate mav he 
...icc.v a.OM,rl.ed. hut some ol u may be organized by the ingrowtl. of 
■-■.-t-. amt opaque white patches or mill, --.spot., are left usuallv on the 
■.■.nuri,,r mnaeo the rigl it ventricle. Organization of the exudate mav 
e...,. to the imiuation of adhesions between the two surfaces, and these 
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tnuy invfilye the whole heart, a condition known as adiicrcnt peri- 
eardinm. Calcification may occur in the organized tissue with the forma- 
1 ion of stojiy plates on the surface of the heart. 

Rr.LATiox OK .Symktoms to Lksion.s. •— The most eharacteristie physical sign, tiie 
fnetinn rid), is due to the two roughened surfaces ruhln'ng against one another, ff 
fluid acniimdales to any extent t!)e surfaces may be .separated ami the friction disaf)- 
peaiT. If the fluid is very abundant the heart sounds will he faint and distant . Tlie 
pain is clue, to the same cause as the friction, the nibbing together of the inflamed 
surfaces. It may be slight cn- absent, and disappears as the fluicl accumulates. 

TunKiiccLOUs PniucAnniTis.—Thc heart is usually covered with a fiiiriuous 
exudate which ccmiplotcly conceals the tubercles. The cfTusion is generally very 
abundant and purulent. If a pericardial .‘^ac is distended witli pus, thc.condifion 
is likely to be tuberculous or jiucumococcal. Hemorrhage is common. A bloody 
oxmlate should suggest either tuberculosis or malignant disease. Microscopically 
the characteristic tubercles arc seen under the fibrinous exudate. 

Ihuoiic PKiiiCAiii)iTJ.s.-'-In persons dying of uremia a thin layer (A fibrinous 
material may cover the pericardial surface. This contains urea crystals, as can be 
demonstrated in the autojisy room by means of the xanthydrol reaction. 

Cnuo.N’K; CoNSTuiCTiVK PKiucATiniTis. — In this uncommon condition the heart is 
oomiiressed by a layer of dense tough fibrous ti.ssue wliich envelops the organ. 
I'iierc is great inu'crtainty as to the cause of the dense envelojie. Rheiun:iti5m,.c:!n)< 
bc^nuleiLaut...., The thick, dense envelojic may jnesent large cavities containing 
inspissated caseous material. The tissue is hyalinizcd, any collagen fibers are huge, 
calcification is common, and tissue destruction is marked. It seems iirohablc that 
most cases ;ire tuberculous, although complete licaiing may have occurred. 

'fhe compression jircvcnts the normal diastolic filling of the auriedes, so that 
there .is marked distention, of the jugular veins, marked enlargement of the liver 
and rciairring ascites. The heart, although profoundly disabled, is (‘haracteristioally 
small and quiet, because it is unable to dilate or hypertrophy. Tlie liver and spleen 
inay_be.coated...witli a layer at first fibrinous and later fibrous, the so-called sugar- 
icing .(Zuckerguss). This is ajiparcntly. .due to .the long-standing ascites. The 
jilcura may be similarly involved. This ])olyserositis. has been. called Pick’s disease. 
Resection of the thickened and constricting pericardium lias given excellent results 
in .many cases. 

II KMornmcAKDiUM.— Hemorrhage into the pericardial sac may he due .to.rupturc 
of-tIiG..hear,l,Avoimds of.thc heart,, or rupture, of a.n aneurism of the first part of the 
thoracic aorta. If the hemorrhage is rapid it.niil coinpress the auricles, so th'at they ' 
cannot be, filled, and death occurs from heart, failure. If the hemorrhage is only a 
slow_^lcak the heart may accommodate itself, to the pressure. Blond is often found 
in the fluid, exudate in tulicrculous pericarditis and in effusion due to secondary 
tumors of the jiericardium. Petechial hemorrhages in the serous membrane are 
common in septicemic and anemic, conditions. ' 

HvonopKniCAHmuM.— Thi.s is a dropsy of the perieardial„sac, jisually.jiarl of 
a general drojisy due to cardiac or .renal <liseas.e. Tlic sac may be greatk* distenderl 
with cl earyvatery. fluid, which mayjnterfere .seriously \yith the heart's action. 
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THE ARTERIES 

For tlie purjwses of pathologj' it is convenient to di\'icle the arteries into three 
classes; (1) The large or elastic type (aorta, carotid, etc.); (2) the medium or mus- 
cular type (radial, renal, superior mesenteric, etc.); (3) the intimate vasculature 
(small Vessels such as the interlobular arteries and afferent arterioles of the kid- 
neys). The distinction is useful, because each of these suffers from a different form 
of degenerative lesion; in tlie elastic type atheroma is the common lesion, in the 
muscular type the medial sclerosis of M6nc.keberg,.and in the intimate vasculature 
the diffuse hyperplastic type of sclerosis. Exceptions to this generalization will be 
encountered (f.c., atheroma in small vessels such as the coronaries and cerebrals), 
but the generalization is useful nevertheless. Arterial lesions will be divided into 
three nvain groui)s for dcscrip^ve, purposes; (1) Inflammatory lesions such as acute 
arterilis, syphilis, and rheumatism; (2) obliterating lesions such as thrombo- 
angiitis obliterans, periarteritis nodosa, .and obliterating endarteritis; (3) the de- 
generative arteriosclerotic group, i.c., atherosclerosis, Monckeberg’s medial sclerosis, 
and diffuse hyperplastic sclerosis. It must be remembered that the postmortem 
apiiearance does not nece.“sarily rc\)resent the true condition of the artery during 
life. The small lumen and deeply folded intinui and internal elastic lamina are due 
to contraction of the media after dcutli, and will naturally vary with the amount 
of contraction. These artefacts are a fallacy which invalidates much of the work of 
measuring arterial walls and lumina. 


ACUTE ARTERITIS 


.Acu’ti: Pum.MtTmuTis.— Acute inflammation may attack an artery from the out- 
side o!' the inside. -An artery which passes through a focus of suppuration such as 
an abscess should be very liable to infection, but on the contrary it is quite resistant. 
Sometimes, however, the bacteria penetrate the wall and produce an acute arteritis 
and pevie.rteritis, the media and adventitia being filled with polj'morphonuclear 
leucocytes. ’I'he wall may be so weakened that hemorrhage may occur. Before 
the days of asepsis sicondarii hemorrhage was very common in operation wounds 
and was due to an acute suppurative arteritis produced by the septic ligature which 
wa^ buried in the lacerated wall of the ve.sscl. After a number of days the destruc- 
t;on cd the wall was so great that hemorrhage occurred into the wound and this 
w a- often fatal. ’ 

.-\cr ri: FNp.utrur.iTis.— If an infected embolus from a septic thrombus in a vein 
o> a Yvaetatror; ait acute endocarditis lodges in an artery it infect.s the ves.sel 
!!..m wuhm. Again th.e vessel wall becomes acutely inflamed. The re.sult.s may be 
,1' thr..c.e.h<.p,< ^vUU breaking up of the thromims and the formation of 


‘ ' ! 1' '.'.‘.VN I'. .'.*t li'rtlitl*.* tl f i 

a .-•.ii.ll !■ yci't’c aneurism. This 


(21 the production, by weakening of the wall, of 
may burst and lead to severe or fatal heniorriiage. 



SYPHILIS OF THE ARTERIES 


Syphilis .‘il, tacks two important sets of vessels: (1) t he aorta and ils 
large hnniches, and (2) the cerchral arteries. Other vessels may be nffected, 
but the clinical en'cets are of relatively little importance compared with 
these two. 

S}T)liilitic Aortitis.— Aortitis is one of the commonest and most important 
of syphilitic lesions. It is nsually found in males between the ages of thirty 

Symptoms seldom a]>pear within hyc years of tlie 
jnamary lesion, although the aorta is probably infected from the very 
beginning of the disease. The spirochetes arc lodged in the adventitia ' 
and media and are remarkably resistant to treatment, with the result 
tTiiTt active lesions can almost always be found at autopsy, no matter how 
vigorous the treatment has been. 


Symptoms. — The chief sjauptom is substcrnal pain. With tlie progrc.?s of time 
an aortic ancuri.sm may develop, a condition ^Yhich will be considered later. 


Lesions.— The r/ro.s’.Y appearance is very characteristic unless it is obscured 
by the development of atheroma. The lesion be ginsiuJlic-aortie-wall-iust 
distal to. the. aortic..cusps, and, spreads homontally. around the root of, the 
aorta and distally as far as the mouths of the g reat vess els springing from 
the ajyL..-'/rhis foriiis in inahy cases a zonal lesion picturesquely known as 
tlie,. girdle of Venus. Even more frequently the whole arch is diffusely 
involved. THe prol.)able reason why the sujn'asigiJioid-portiQn is. the site 
of election is that it has s uch an abundant .l\miph -suppl^^^ t1ie*sj^ciieles 
being carried -in the pcmmscuiar lymphatics.* The gross changes inayLc 
traced down as far as the diaphragm, where they suddenly stop, and as a 
rule the abdominal aorta is fren from lesions. , ' 


In the affected area the intima is raiscd_jjitq_putdjes, at..fir,st..sinQoth 
'lTdj,iyH]y’ later iiittcd and scarred, "i'he intCTyejling-tissucis-Wxinlded 
likc..thg]jark of a tree. Longitudinal MTink ling is striking, but is not sjiceific. 
It is the fine trails vea'se.^ due to, stellate scars -which -is highly 

' chjira(i(jdsiac.(:d_syp^ The swelling of the intima may so narrow the 
openings of the coronary arteries that they are reduced to lucre pin-points 
or one of them may be completely closed. In such a case there may be 
symptoms of coronary obstruction or the patient may suddenly drop dead.! 
Th.e disease does not .spread-alqng.the.corqnaryjirferies. In a'])ure case the* 
yelkny fatty changes, calcificaHoiVahllTiTcWatidn'of atheroma are absent, 
but it must be remembered that atiicr.o.ina_of. the, aorta, often complicates 
syphilis. The adyentitiajs thickened, and the vesseljs often .unduly ad- 
herent, to the mediastinum. WTcn an attempt fs 'made 'to strip off the 
adventitia it is found to be adherent, and the tear will take place through 
the middle of the media. The cut edge shows thickening of the. intima 
with, a .corresponding thinning and interruption of the media. Owing to 
destruction of the elastic tissue by the spirochetes there is a dilatation-of 
the vessel and especially of the , aortic ring. In this way an extreme degree 
of aortic incompetence may he produced, for the cusps arc. quite unable to 
come together. 
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I'lie condition of the aorlk rake deserves close attention. In some cases 
tlie cusps arc quite normal, even though there is a marked degree of in- 
competence. In other cases a charrmtcristie. condition of si/philiiic endo- 
carditk isj)resent. 'rhis never occurs apart from syphilitic_aortitis, and is 
lieSikcen-hi the mitral valve. There are two distinctive lesions (Fig. 185) : 
(1) the’cUsiis are sclerosed and contracted, and the free edge shows a 
l)e<-uliar cord-like thickening quite unlike that seen in any other form of 
endocarditis. (2) 4'here is a widening of the commissure, i. c., a separation 
of 'the cusps at tlic point where normally they should meet, as if a Avedge 
of_t issue had been forced between each pair. The infection has evidently 
exteiided into the valve from the aortic wall, and the central part of the 
cusjis is the least affected. 



t'lc! ISf). — Syphilitio aortitis. Tlie surface of the aorta is nodular, wrinkled, and 
scarred 'riiore is wnleuint; of the eonuni-surc, and ihickcninK of the free marjiin of 
till- aortic cU'iis. 

/ 

The iiiicriisriijHr iitchnr is tluit of ;i ‘'periarteritis. aud.'-inestmrtitis with 
scenudary ehtuiges in the intima. The etirliest ehttnge is in the adventititi ^ 
in the torm of masses and linettr stretiks of lymiihocytes tind plasma cells 
(Hg. 1st)). 'I'liese tire collected aroumi the vasa vasorum, owing to the 
distrihiitimi of the .spirochetes in the jieri vascular lymphatics. The vasti 
\:isovmn normally penetrate only the outer third of the mediti hut the 
spirociteies stimuhite them to grow and hraneh so that they invtide the 
vl'iole thickue.ss ol the media. This is associated with fibrohla.stic pro- 
liienixion ;ind marked fibrous overgrowth of the intima which later becomes 
ii.'.aliue. 1 he iulection spreads into the media where there are foci of 
mhamniatory eells. necrosis, and extensive destruction of the elastic tissue.] 
nie.-sLoriitis which is the mo.st serious part of the disease, because' 
v.ith i.c-tri!- !!..’! of tile elastic tissue the aorta lo.ses its resiliency and either 
.iiii c.i > a L'cneral dilatatinii or develops tin iineurism. Xew ctipillaries 
; te icvnn d \\!)!i !i jcir-s );ir into the UK'diti. T!u' necrotic inareritii is rephiced 
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hy scar tissue. It is the cdiitructiou of. this scar tissue v.hidi gi^'^s rise to 
tlic {‘]uira(‘teristic wrinkling seen on the inner surface, so that (Ik-, ^vrinldin;: 
is naturally a late ])hcnouu‘non. 

Hi'.i.ATioN or SvMi’TOMs TO LnsjoN’s.—Tiic .suixslcnifil pain is proirabiy due to 
infiannnation of ihe tiss\ie at the; root of the aortii. The destruction of elastic 
(issue and Ifjcs of elasticity may cause either general dilatation of tlie. thoracic- 
aorta as shown in (he roentgen-ray picture, or tiu; local dilatation known as an 
aneurism, isytnjctonss of ccaonaiy occlusion and oven sudden dc.-ith may be caused 
by closure of the openings of the coronary artcric.s Icy plaques of thickened intima. 
The, three great d.-nigers of sj-pliilitie. aortitis .are: (1) aortic incompclcfiec (the com- 
monest), (2) stenosis of the coronaries, and (3) anenrism. 



Fic. l.Sl). — .'■'vpliilitic aortiii'C. A linear rolloelion of inflaniinalory cells nt the junclion, 

of media and adventitia. X 100. 


Syphilitic Arteritis. —'’Fli is is he.st scon in tliejccjitra I, nervous .system in 
the sinalLartf'rios-of.thc nicningcs tinrl tltoyc.ssels at the base of the brain. 
Tlte lesion is both a 4 amaxleritis._ambau endarteritis (Fig. 187). As the 
spiroclictes ;irc in thc lyinj^lnitics of the adventitia, the vessel is surrounded 
by. ajnautle of lymjdiocytcs and plasma cells. There is some atrophy of 
thc.nicdia,J)Utthis is not an important lesion. The intima .shows a marked ; 
nniform thiekening-with great narrowing of the lumen, an endaftcritis| 
obliterans, quite different from the pa.tdlkV JTheroma whicli often affeets 
these vessels. The narrowing of the hnnen is a])t to lead to thrombosis 
and,, cerebral softening. -As the infection dies„qnt.the arteries become 
.‘^eJerosed and .stiff, and have been .likened, to anacaroni. 


Rnr.r.MATic AoinTTi.s,-— The lesion is similar to that produced by syphilis, but 
much loss Tnarkod.inAlegr.ee. Definite rheumatie TToriulop (Aschoff imrlies) may be 
fiirnvedin the, adventitia. Init u.^iually there- arc ..merely coilc<‘tions of lymj)hocytes 
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nncl plasma cells around the vasa vasorum in the adventitia and to a lesser degree 
in the media together with a few large cells of the Aschoff type. The damage to 
the media is slight compared with that produced by syphilis and the lesion does 
not ai)pcnr to be a factor in aneurism formation. 

Riim:M.\Tic Arteritis.— The \'isceral vessels may show very characteristic 
lesions first described by von Glahn and Pappenheimer. These lesions may occur 
in the arteries of the lung, kidney, pancreas, ovary and testicle. The lesion is a pan- 
arteritis, all the Croats being involved (Fig. 188). The wall is filled inth an in- 
flammatory exudate containing much fibrin, so that it is much thickened. The 



Fig. 187.— Syphilitic endartcnlis of basilar artery, showing uniform thickening of the 
inner coat aixl thickened intcnial elastic lamina (elastic tissue stain). 



rheumatic fever. Great Ihickcniny 
o: all (he coats by inflaniiaatory cel!.'. 


of the inner coat, and 
X 200. 
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moRt remarkable feature Is the subsequent vascularization of the damaued wall; 
new ,ea])illarics are formed in (he wall so that the oriainal lumen i? surrounded bv 
spouKV vascular tissue. Then' is no thrombosis, so that, the lesions do not injure, 
the {)arhs supplied by tlm r’ossels involved. Ii> rheumatic fer'cr Die coronary :irierh.< 
may show a severe exudative and necrotizing arteritis involving all the coats. 

^ THROMBO-ANGHTIS OBLITERANS 

This remarkable condition is often, cii lied Buerger’s disease, because it 
was,B«ere:cr wlio first recognized that the lesion u'ns an infl.'imination of 
the wall with resulting thrombosis, and .not a degenerative thickening of 
thcintiiha allied to arteriosclerosis, as used to be thonglit. The symptoms 
are not cine to the active disease but to jhc after-effects which develop in 
th,e,ehr.onic?stagcV ' TJie 'acute is rarely seen by. the pathologist, so 
that lie.is apt to get a very erroneous and one-.Rided idea of the process. 

Tile sex incidence, is striking, for the disease is jiractically confined to 
men, although cases in women^are iiow lieiiig reported. I'lie race incidence, 
though also striking, is less extreme. In North America it is nsnally seen 
in. young Russian. and Po]i.sh Jews, but Gentiles may also suffer and even 
Scotsmen are not immune. It is a disease of young adult life. The lesions 
arc usually in the vessels of the legs, but the arms may . also-be . affected, 
s()m.etimcs.cxclusively. 

The cau.se is unkuiowii.'^Non-hcmolytie streptococci have been found in 
thejilopd, and injection of these Inicteriajiiitomtcs ad jaeent to the fenioral 
vessels has reproduced ..the.diseasc in rabbits; a similar result is niitained 

discased.iuiman.mtcries alongside the femoral 
vessels (Horton and Dorsey). surgeon wlio^pfijckcd-his finger with a 
spfculc of lionc when , amputating the leg in a case of .Buerger’s disease 
suliscquentlw developed charaeteristio lesions in the <ligital arteries of the 
injured hand. Tlie excessive use of tobacco espe cial ly cigarettes, lias long 
beeiyaddcd b.v clinical oliservcrs to-sneh factor.s as .sex, race and.age. 'Hie 
work of Sulzberger supports tliis. idea. As a result of observations with the 
])!itcji. skin -test lie cameTo thc cpncliision that a large majority of patients 
suflering from this disease-were hyper.scnsitive to tobacco proteins, although 
not tp jii,eQtine..it.self. Allergic, reaetjons may produce necrosi.s, and this 
may lead to .aseptic-mflaiumatioii. It lias been .suggested, though on 
rntlief. insufficient evidence, ..that chronic typhus infection may play a 
PJfttj It is ]irobable that more than ouejexciting-iact.or_niay be capalile 
of producing-.thc-lesions in those who by race, sex and possibly hercditi' 
have predisposed vascular tissues. 

SiwtPTOMs. — In the acute stage there arc u.simlh' no simiptoms. but tliere may be 
red and painful spots whicdi last about a week due to a migrating phlebitis in the 
superficial veins of the leg. The first symptoms are usually indefinite jiains in one 
foot or cramp-like pains in the calf after walking a short di.stance. a condition knovm 
as intermittent claudication {claudicarc, to limp). No pulse cau be felt at the ankle. 
"SDien the foot bangs down it lieconies bright red (erytbromelia) and throbs pain- 
fully. \Hien the foot is raised it become.? more blanched tlian normally. I„ator in 
the disease trophic disturlianccs appear in the form of ulcers and gangrene of Die 
feet. The formation of trojdiic ulcers is often accomjianied by cxcrucitding pain, 
and suicide is not an uncommon termination of this distressing disease. 
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Lesions.— The ncide lesions are only likely to be seen if the superfieml 
vessels are excised in the acute stage (migrating phlebitis). The media 
and adventitia are invaded by polymorphonuclear leucocytes and so ip the 
perh-asciilar tissue. Both arteries and veins are involved. TlieraJis_an^ 
arF eriti s'and pen.ar.teritis,. a-phlebitis.and. periphlebitis. Only a segment of 
the vessel is involved, but this segment. may be.short or long. Thrombosis 
occairsTh the' inflamed segment, ..v'itli occlusion of the Jpmen... , The clot 
mayTro'ntain Tdciof pdlymorplionuclears or- of endothelial cells and foreign 
Ijody giant hells. 



Fig. 189.— Tiiroiiibo-antriitis obliterans. The lumen is closed by fibrous tissue which 
is nanudly Ciuializcd. Hypertrophy of elastica. Elastic tiissue stain. X 40. 


The cltroiiic Ic.siuns are those seen when the leg is amputated for gangrene 
iiionths i,r vj-ju-sLiter. All signs of active, inflamniatioh'h'ave disappeared, 
ausl anevY, Y ehis. nnd nerves are botuid together in a. dense mass of fibrous 
t!^slle. 1 lie eiut iuis lieeoine organized and converted into fibrous tissue, 
and there is no signjil the original Itimen (Fig. 189). Xe\v vascular chan- 
nels lined liy eiulorheliimi.are formed in the fibrous mass, so that the lesion 
I'iteu mi^taken ior a mere thickening of the intima, an eiularteritis 
otiHterans. 1 hiekening of the elastic tissue, both internal iind external is 
a striking feature. 1 here is no calcification, .so that the vessel throws no 
shadow in the iveut gen-ray jneture. 


If} !-\TIoN' 
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SvMrroMs to Lksions.— Tlie symptoms are due to loss of the 
.-atiply or to di-^tijrlxiui'cs of tire collateral circulation which is set 
dcpcr.di on tlie extent to v.dncii the collateral circulation can 
id modcra mctlii>d< of treatment are directed to the encouragement 
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of iliis circnl.'ition. Tiie ,rrnmp-lik(; pains in the muscles are due to the painful 
spasm winch ;u‘C(»ni]iariies an insudicicnt blood su}’>j)iy when the muscle is in a state 
of activity. Thd''nrishinfi of the foot wlion it h.'ihj^'s down andJts.-bl.-iuehinii vvhen 
elevated is due to loss of vasomotor control, the nerve.^; in the jieriadventitial tissiie 
beihh involved in the inflammatory and .selerotie proces.'^. The trophic ie.sions may 
he fine to a .siniilar cause, a view sup})orted by the fact, that wlien the affc<‘tcd seg- 
ment of ves.<el i.s re.^eeted tlio troidiie le.sion.s may heal (juifjkly and permanently 
(Lcriehe). 


Periarteritis Nodosa.— dliis disease b elon gs to a group of necrotizing 
inflamnuition.s of arteries, wliieli inelnde,s,,teinponil artefitis, disseiiiinated 
iui^n.s crytlicinatosus, and possibly other eondilions. They in turn belong 
t‘h.tbe. larger group of the collagen diseases^ Fn;n.ii.pid„iiccT<)?i.s, allergic 
injlannnatipn, tliromb osis with result ant.i.s<:licpji.g jesion.s..a.nd 3 vide.distribu- 
t iu].ijiri\t],iyj:u,ii^taif features. The lesions of imrijirt.erjtLS nodo.sa affect 
thc-.viseerai. rather thaii. the _penpIieiTL.yessels_as in thrombo-augiitis ob- 
literiuis. The esuise is unknown,^but it. is.vnot.,.inilikcl.v,..t]iat't]ic disease 
repr-e£e.uts.aiganapbylactic-type of.bypcrseusitivity. ’’i'hc very widespread 
elia_ra(?tcr..of..tlic,,]esions is in favor of this idea, and als o the fact„tliat peri- 
arXerjtic Jesions.liave been .fomid..in a nmnl>er of ea.ses of...sei-uui .sickne.ss 
aiul,.bypers<,‘nsiliyene.ss.to, snlpjionaBudcs. Ifieh has reported a .series of 
.such eases, and has succeeded in prodneing dififise periarteritis nodosa 
expcriinentaily by estaldisliing in rabbits a condition analogous to sernin 
sickness in num. 

TSYMn'b-M.s.— The di.sease ii.snally runs an aQuleXcdtrile.couBSC, oftep,^ 
iuptfatally iir.aiew weeks. As the lesions are so \\ari(gjjin(l..widc.^)irad the 
elinical„i)icture,.inay .bo eqiudly. varied, but there is a certain reeognizabie 
elinicaLpnttorn..tb(’ outstanding features being prolonged fever, weakness, 
cjnick pulse, limb pains sngge.sting rheumatism or neuritis, elicst .symptoms 
such as cardiac* pain or astlnna, abdominal pain, and finally albuminuria 
and Jiematuria, often associated with hypertension. Blood examination 
reveals a constant leucocytosis, cosinophilia in about one-fifth of the, cases, 
uJiigh .secluu(intation-rate,"ancl a negative blood culture. This complex 
symptomatology, corrc.sponding. to no .system rlisea.se, may itself suggest a 
correct di'i^iuosis. 

l.,E.sioxs.— The ])rineipal vessels afl'ectc'd arc those of the gastro-intestinal 
tract (mesentcd.cj.tuiLcelia,e.axis), the kidney jind the .heart, hut the brain, 
lungs and skin may also he. involved. The name is nnsleading,i(iiLtlie. icdqii 
is a jmnaiTmtisTatHer than a . periarteritis, and in iny.expcrionce most of the 
ease.s fail to .sliow tlu? “nodosa” feature. This term indicates the presence 
of 'small.niflaihmatory nodules scattered along the artery like peas in a. pod. 
There may he hundreds o.f the.se imdulc^s on the mcsentc'ric; vessels. 'The 
fundamental vnrro,snq)i<- change is increased permeability; of the vessel 
wall (Pagc'l). The earlie.st change is edema and e.sca pc of. fibrinogen into 
1 be ..wall with tlu^ formation of fibrin or material which stains like fibrin. 
This is followed by fil)rinoicl necrosis first of the media and later of the other 
goats. Fraginentation of thc-elastica is a prominent feature which explains 
the frequency of. aneurism, formation. Inflammatory cell infiltration in- 
v^'C.^ all the.-.coats (Fig. 190.) At first the cel]s_oie_ncTitrpphils and 
oo.dnophils: later..thcse are., replaced by more .chronic type.s. Owing to 
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involvement of the intima-thrombosis-is common, and small,, infarcts are- 
prodiic erUn. the heart, kidneys and. other-organs. Renaliesions are.partic- 
ularly_common,, occurring in 75. to Soper cent of.the.cases (Davson et al). 
Iiradditloii to multi ple infarcts.there-may lie diffuse changes in the renal 
parenchyma resembling those of, .glomerulonephritis. Hypertension may 
be..associatcd >yith. healed occlusive lesions of the branches of the renal 
artery. 

The disease usually runs a rapidly fatal course, but it may be of more 
subacute type, ending up 7\k healed periarteritis nodosa. This produces a 
cTmtnl 'picttirc of great' complexity based on multiple chronic ischemic 
lesions. Autopsy may reveal c ontra cted, .kidneys, , coronary occlusion. 



Fig. 1(1G. — Periarteritis nodosa. Al! the coats of the vessel are infiltrated by 
intlammatory cells. X 80. 


■ ’ ’ ' ■ ■ ■ atrophy of adrenals and pancreas, etc. 

■' --as been followed by apparently complete healing of 

ail vile lesions in the course of a few weeks. I'nfortunately healing is tic- 
ctiiupunied liy fii)rous occlusion of the arterial lumen and the prodtretion 
ot inuhi])le infarcts. 

1 1h-u' inuy he imite abdominal symptoms due to involvement of the me.senteric 
aueiu'.-, unite cuvdiuo symptoms from coronary artery involvement, muscular 
P-iiu!' simulutiicj; myo.sitis or tricliino.sis, etc. Ncuritic p;un.s are common; thev' 
am <iuc to icrioiK of the periidieral nerves (Kernohan and Woltman). Death is 
oiu n due to a ruptured aneurism. In the healed sta;;e the symptoms will be those 
ot 1,' oemte sflerot'.c lesion^ of the heart, kiduevs. etc. 

Tr'-n-uUAn Ai..Ti:r.ms..--Tlns condition, first described by Horton, Magath and 
iV 'uii m IPo.. IS a cliromc inflammatory process involving tlie temjioral arteries 
nco-ons !,ut ewtending to the arteries of the scalp and face. The vesseLs 
''' :,v.c!!ings. ('ookc and his as.sociatcs have .shown that, 
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whilst (lu; nanie is conveniently (iescri))tiYe, the lesions are by no moans confined 
to the temporal arteries, and may involve also the :uirta, radial, suVjelavian. femoral, 
coronary, rcn.al, mesenteric, and retinal arteries. The inflanimution appear.^ to sjnead 
from the adventitia to the medi.a. There is marked thiekenine; of the intima due to the 
fo]-mal ion of a rione of Ico.^c cellular connective tissue. The walls of the involved vessels 
(the medium-sized mttscuiar urtene,‘=) are thickene<i and thromiiosis may oc'cur. 
tf Foreign body giant cells formed in re.sponsc to disintegration of tlie elrtstica is a 
fv ( striking feature of many ca.scs. For this rca.son the name gianl-celi arteritis has, 
heel ' ■ 'h' i ■: f V. '; ! _..:■'■■■ ■'^s' wfrich has liecome a 

imsT- : (I . I':.''",':: ■ ■- ■ . 'her destructive lesions 

of artcric.s such as Bticrgcr’s disease. Eosinojthils are sometitues prc.sent in con- 
siderable number. 

'I'lie onset of the illness is marked by malaise, myalgia and arthralgia, anorexia, 
and loss of weight. After some months more localized sym})toms aj)poar, csjiecially 
severe headache, mental confusion, and visual disturbance which may end in bliml- 
ness. There may be symptoms suggesting generalized arterial disease. A variable 
degree of fever i.s often present. Tlic di.sease is self-limited, but owing to it.s general- 
ized nature it may end fatally. 

The etiology is unknown. It will be seen lliai the condition boars a close re- 
semblance to such generalized arterial diseases as ])criarteritis nodosa and Buerger's 
disca.se, in both of which the inflammation may be allergic in chiivactcr. It occurs 
at an older age jieriod than these diseases. 

Disseminated Lupus Erythematosus.— Lupus erytlicnmtosms.is a disease 
which may occur in two very ditt'erent forms, the one dironic, benign, 
inyolving both sexes equally, luici cljaraeterizcd by a butterfly jiattern 
of diseoid lesions of tlic skin of tlic bridge of tlie^nqse anjrl cheeks, the other 
an acute and fatal disease predominantly in young women, wiili lesions 
disseminated in various organs and tissues including tlie skin. At first 
siglit the two conditions appear to be distinct and unrelated, lint occasion- 
aliy, especially in women, there may he a transition from the dironic 
localized to the acute disseminated form. 

]5isseminated lupus is most likely to occur in young women, e.specia!ly 
in those with red hair, a tendency to freckling and an inulnlity to tan. As 
the.se . pccniiaritics of pigmentation are believed to be under hormonal 
control, cither pituitary or adrenal, it is possible that the target tissues may 
he conditioned by endocrine influence so that they react violently- to the 
unknown etiological agent. This reaction seems to be allergic in character. 

The clinical manifestations arc extremely variable. The onset may lie 
abrupt and the course short and stormy ending fatally in six or ciglit weeks, 
or the progress may be slow and insidious over a number of years with 
remissions and exacerbations. Althougli the l)utterfiy erythematous jiatch 
across the imidge of the nose is a characteristic feature, skin lesions may bt' 
absent. Fever, leucopenia, and enlargement of spleen and lymph nodi-s 
arc common. Hyperglobulinemia , is a constant feature. The patient 
presents a toxic appearance, and frequentiyJooks more ill than the clinical 
data seem to justify. The plasma contvains a factor, which, when mixed with 
normal hone marrow causes .the .formation of (a) rosettes or clumps of 
leucocytes and (6) a characteristic inclusion-containing cell, th'e /L or 
lupus rrpfJumalosus cell (Fig. 191). The, L.F. -phenomenon is believed to 
consist of lysis of leucocytic nuclei followed, by, phagocytosis of the h-sed 
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material by polymorpbonuclears. The factor is a Ij'tic factor, apparently 
an'antigen'icffiikioh of serum gamma globulin. The phenomenon appears 
to be related to the presence of blood platelets which release antigenic 
protein on disintegration, because it is enhanced by blood coagulation 
(Zimmer). The L.E. cells must not.be confused with erythrophagocytosis 
nor with tart cells, tlie latter being monocytes which have ingested a lymph- 
ocytic.nucleus. The factor disappears in remissions and reappears during 
relapses, d'hc L.E. cell, first described by Hargraves in 1948, has, become 
a feature of great diagnostic value.in the disease, but it must be realized 
that the test is really a test for abnormal globulins in the blood. The 
inclusion material is homogeneous and basophilic. It gives a positive 
Feulgen reaction, suggesting that it 


is nuclear in origin. The basophilic 
material may be e.xtracellular. 

Klemperer has called attention to 
hematoxylin-stained bodies, first de- 
scribed by Libman and Sucks in 1924 
and again bv Gross in 1932. The 




Fig U)!.— L. ]■;, cell. (Kimlnes.sof 
Dr. .y. .1. Blunchurcl.) 


Fig. 191.\.— Wire loop le.sion.s in 
ili.-^.seminatert lupus. 


believed to be pathognomonic of disseminated lupus. 
'I'liey furin large aggregates in the endocardial vegetations and lymph 
node.s, and smaller collections and single free bodies in the glomeruli, in 
the walls of vessels in many organs (especially the ovary), and in connectii'c 
tissue. The heniatoxylin bodies contain depolymerized desoxyribonticleic 
acid, so that they may rejiresent a disturbance of micleoprotein metabolism, 
h is ])os.sible that free micleoproteins in various stages of decomposition 
may be eirevdating in the blood, and that as these are foreign to the norroid 
itlood ])roteius they represent the antigenic factor responsible for the L.E. 
j)!ienomeJion. both the L.E. cells and the hejnatoxylin bodies give the 
^ume rwictinus with the Feulgen reagent and with methyl green. The 
hyaliiK' throinlu in the glomerular capillaries and the wire loop lesions 
may b.ave a similar origin. 


1 he h-siup.s arc widespread in many organs, and are particularly marked 
ill the vi-^'^ds, in these respects resembling iieriarteritis imdo.sa. Although 


a i 
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f disseminated lupus din'ers greatlv from a classical ease of 
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I)eriartentis nodosii it is (loubtful if the distinction is fundamental. I have 
cncoimtercd a number of instance.^ wlicre the features and lesions of the 
two dise.'tscs were comlu’ned. In general the lesions of Inptisjend to be 
more degenerative (necrotic) and those of periarteritis niore. inflammatory 
iiftype, but combinations occur. In j)eriartcrjtis,tlic medium-sized vessels 
(coronary, mesenteric) are afi’eoted, in lupus the small arteries and arterioles 
and cvcji the capillaries. Perhaps the most important difference is in sex, 
periarteritis being predominantly a male disease, and Inpus largely tliougb 
not e.xc]usi^x')y female. Sex may be a conditioning factor winch determines 
tl)e target organ and the character of the lesions. The basic lesion is a 
widespread fibrinoid degeneratioiK.of collagen and gi'ound' substance, ,to 
whicli may be added a minor degree of reactive inflammation. One of tlie 
striking effects of the inyolvemcnt of the capillaries is ah increased perme- 
nhility. which is seen particularly in the skin. As disseminated lupus is 
one of the collagen diseases, it is natural that arthritis may be a feature. 
Heavy dcpo.sits of fibrin arc found on the synovial membrane of the affected 
joints. 

For descriptive purposes the principal lesions are cardiac, renal, vnsculnr. 
and cntnnepiis. In the //eori (in less .than half tlic cases) the striking gross 
lesion may bc.the.flat warty vegetations described. by Lihman and Racks in 
192T extending on to the mural endocardium. iMicroscopically the basic 
lerioj,us.iiljriuQid. degeneration, of. the connective tissue of .thc..cndpe!irdiiim , 
my.ocardimn and pericardium. In the Jnducy the characteristic .inieroseopic 
lesions-are- in the glomerular tufts: (1) the so-called “wire loop capillaries,” 

(2) focal necrosis of .the , tuft. The wire loop appearance is dim to riiickening 
of tlv^wscmcnt nm .capillaries giving au-escmblancc to bent 

wire, similar, to tliat of . early amyloidosis (Fig, 191 A), Witli baematoxylin 
and eosin the wire loop appeanince seems to be due to a thickening of the 
basement membrane of the capillaries giving a rcscmblnhce to bent wire. 

■With finer differential .staining, however, and. also with phase microscopy 
the wire, loop material is seen to be deposited between the epithelial and 
the -endothelial lyasement membranes (Chiirg and Grishman). An appear- 
anjc,e_suggcsting hyaline.thfbmbi in the capillaries is proliably , due .to pro- 
trusion into the lumen of the fibrinoid material in the vessel wall; true 
thrombosis is rare. In tlie sp/mi, the .^small , arteries sliow a, periarterial 
fibrosis, swollen bands of collagen giving a characteristic “onion-skin” t\'pe 
of -lesion. Teiliim suggests that the periarterial lesions in the spleen, the 
wire-loop lesions in the kidney, and other manifestations of the disease are 
the result of allergic alterations (panmmyloidoris) associated wirii the 
h^perglpbnlinemia.. The roscjdor lesions are most common and severe in 
the kidneys, but they may be present im any organ. in the body. In ad- 
vanced cases there may be complete fibrinoid necrosis, of all the, coats of 1/ ^ 
the arterioles. Marked thickening of the intima.may cause great narrowing * 
of the lumen, A fulminating necrosis may call forth an inflammatory eclhi- 
Inr reaction (l\’mphoc.\i:es, plasma cells, a few polvunorphoniiclcars). In the 
.s/.'??yfibr-inoidilegcner.ltioiYbccur.s iiiTheuppcriayer’ofthc'corium'involxdng Jj 
both collagenous fibers and ground ‘substance. The arterioles and capil-*! 
laries .show the usual changes. In concliusion it may he said that driscrai- 
nated hipus is a disease with disseminated lesions of the minute blood 

23 .. 
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vessels vith a tendency to secondary thrombosis. It is often associated 
with inflammation and proliferation of the serous membranes, including 
the endocardium, and with thrombopenia. Leucocytosis is characteristic 
of periarteritis, just as leucopenia is characteristic of disseminated lupus. 

Diffuse Coel.\gen Dusease.— In 1933 Klinge pointed out that in rheumatic 
fever and rheumatoid arthritis the basic change was in the intercellular components 
of the connective tissue. This change consisted of fibrinoid degeneration of the 
collagen and myxomatous swelling of the ground substance. As similar changes 
occurred in experimental hypersensitivity he concluded that they were allergic in 
nature. Pibrinoid necrosis, however, is observed in the base of peptic ulcers, in 
pancreatic necrosis, in experimental hypertension, and in arteries following injec- 
tion of adrenalin. Klemjierer points out that “an apparent similarity in the histo- 
logic iiicture does not denote identity of tissue lesions and certainly not unity of 
])rocesscs and pathogenesis.” And yet it would seem that there should be a common 
denominator for the changes in the intercellular tissue in various diseases. Fibrinoid 
degeneration with cellular exudate is the factor common not only to rheumatic 
I fever and rheumatoid arthriti s, but also to n eriarteritis nodosa , d isseminated lupus, 
t dermatomvositis- and scleroderma . These conditions have, therefore, been included 
under the Irlanket term of the coll agen diseases . The term fibrinoid degeneration 
was introduced in 1880 by Neumaim to mcllcate a change in collagen fiber s which 
assume some of the staining and structural qualitiesofnKnm Other workers be- 
lieve that it represents a change in the physical nature of the ground kibstance or 
that it actually is fibrin, formed from an exudate of fibrinogen. Glynn and Loewi 
find that fibrinoid differs from fibrin in its fibrillar structure as revealed by silver 
imiiregnation and by tryptic digestion, and believe that it is produced bv the im - 
nmiination of collagen fibers with a material containing pol ysaccharide . This is 
responsilile for the intensely positive reaction mth the iMciManiis PAS fperiodi c 
acid-Schiffl stain . It would apiiear that the fundamental lesion is an alteration in 
the jiliysical character (dejiolyinerization) of the mucopolysacchides of the ground 
sulistancc with secondary changes in the fibers. 

Collagen disease is not a disease entity “in spite of the impatience of clinical 
investigators and a peculiar worship of diagnostic terms which has led to an ex- 
aggerated [lopularity of the diagnosis collagen disease. There is a danger that 
it may become a catch-all term for maladies with puzzling clinical and anatomical 
features” fKlemiiercr). ^Yc have already seen that there are distinct variations 
and difference.-' between tlic various members of the groiiji with their different 
targi-t organs. “These differences, together with differences in the anatomical dis- 
tribution of tlie lesions, permit the recognition of distinct disease entities on patho- 
logical as well as on clinical grounds. The same theme runs through all of them, 
but the variations on the theme are distinctive for eawh disease” (Duff). 

Ex1).M!Teiutis Oni.Fri;u.\xs. — This is not a sejiarate entity due to a single cause, 
but a group of conditions in which the chief feature is a tliickening of the intinia 
with narrowing or even obliteration of the lumen. The change may be jihysio- 
logical, a-' in closure of the hyiiogastric vessels and the ductus arteriosus. It is 
seen in the involution of old age, especially in the female rejiroductive organs when 
they leave ceased to function (uterus, ovaries, breast). In organizing gramdation 
li^'-ue the ve.'>e!s sire ckised by the same (iroccss. A marked degree of obliterating 
I'.'.daneriti-' i-.- seen in the neighborhood of many chronic inflammatoiy foci, cjj., 
w-.^tn.i- uh er. In syphilis of tlie small arteries endarteritis is one of the chief fea- 
tiuv>. In all v'f tbe>e ca>es the thickening is due to a proliferation of the subendo- 
th.chal connective ti'sue. 

.\v 1 1, /.A Dici A>i.. - 1 bis is a form of endarteritis obliterans affecting the smaller 
bmmhe.- of the pulmonary artery. The patients were called “black cardiacs” by 
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Ayerzrs becauFe of ■(he vory markcfl cyanosip. The chief arc clyFpiuai. 

<’hrfinii' cyanosiF, ainl coinpenFoiory ery< hrocyfosi? (jinlycyjhctnia). The rc-d 
coHf may number 10,000.000. Owing to tlic increased resistance in tl)o judinoriary 
eireulatinn t)ie riplit sidc'of tlie licart is much enhirged. 

Th(^ essential lesion is a pulmonary endarteritis. The main branches of the artery 
are dilated and sclerosed, but the chief change is in the small arteries and arterioles. 
These show an endarteritis obliterans, with marked thickening of the intim.a and 
great nsuTowing of the lumen. Thrnmbo.'ds is common. It would jicrhaps 1)0 
better to regard the condition as .a .syndrome rather than a dise.aso entity with a 
.dnglo cause. The iutroduction of fibrin thrombi and other foreign luateria! into 
the })ulmouary circulation of the cxpcrimcnt.al animal results in ])ulmonary en- 
darteritis. .and I have seen the same thing hapj)cn in a j)atient in whom small 
thrombf)(ic emboli from a localized dilatation of the left innominate vein ]>Iuggcd 
countless numbens of pulmonary arterioles with resultant extreme pulmonary 
hypertension. 

ABTERIOSCLEROSIS 


The term arteriosclerosis is used in diflerent senses by difl’erent wTiters. 
I'o the. majority it is s ynon ynip.iis yvitli .atherosclerosis, although the stand- 
ard niedical dietionaries do not recognize this, identity; to a few it means 
the (liihise sclerotic form of arterial disease; and to still others, with whom T 
agree, it signifies an omnil.)Lis term which includes a variety of conditions 
not necc.ssarily related to one another. It seems better for the present to 
use arteriosclerosis, in a broad sense to include a variety of non-iuflam -^ 
inatory forms of arterial disease which may or may not have a common || 
etiology. 

ITrcc main forms may he distinguished, which differ shai'ply in micro- 
scojhc apjtearance and in some .degree in distrihntion, These are; (1) 
a ther psclorpsis, a patchy, liijoid a 1 degeneration of the intima, by far the 
eomiiKuiest and most important of the three; (2) medial ealcification, 
eominonly allied Mdnekeherg’s degeneration; and (3) diffuse., arteriolar 
sciccosi.s,.m,-degeucrative- thickening .of the intima of the smallei;^ visceral 
arteries which may assume more than one form. Aledial fibrosis of the 


meduuri-siz.eH arteries is common in persons over middle age. Collagenous 
thiekening of the intima (endarteritis obliterans), may cause so marked a 
narrowing of the lumen of the smaller arteries of the extremities in the later 
period of life as to lead to gangrene. 

1. Atherosclerosis.— Atherosclerosis or atjiexpma js a . nodular,, type of 


a i ger i os cl erosi.s. ..yjiieh ...a ff ect s the large arteries, e.specially the aorta, and 
the smallji.rterics,„partic,ularly the .coronaries and cerchfals. It is the fact 
tliat these arteries supply, the .myocardium and the brain, and that tliis.is 
the only form of arteriosclerosis wliicli commonly predisposes to thrombosis, 
which lends to atheroma a sinister significance. The medium-sized arteries 
of the . muscular typc.areiiot so .liable to the disease. 

Lesions.— The f/ross appeannwe is most readily studied in the aorta. 
The most severe cliangcs arc seen in the abdominal aorto, especially, in 
ddcrly pyrspiis; they are inpr.c^maxked in-the dCsthiidirig tlTa the ascending 
tlipracic, aorta. Thus the distribution of the lesions is tlie reverse of that 
.Fccn in syphilis. Tliey are e.spccially marked around the raoutlis of the 
ii itcrcostu ! ;md lumbar arteries. The earliest change takes the form of 
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yellow streaks m the jntima representing deposits of fat. Such fatty- 
streaks may- he seen in young people after an attack of one of the infectious 
fevers. In' such persons it seems probable that the lipid deposit^may be 
absorbed and that the lesions may never progress to true atheroma, so that 
a distinction TiVaVlic "drawn between the atheromatosis of youth and the 



l io 192 — Alhcroma of abdominal 
aona Tiiii-l.ened paiche.~ surround the 
opo’.iur,> of till" lumbar arterie.s and 
'Uo:o much uk-eration. (From Boyd’s 
^^urpscal I’atholo^ry.) 


atherosclerosis of advancing years. 
The i ntima over the^ fatt y patch 
becomes raised and at the same time 
thickened, so that the ydlo w c olor of 
the underlying material is no longer 
visible and the plaque becomes pearly 
and look's as if 'a drop of wax had 
fallen on the lining of the aorta. The 
patch contains a soft, yellow, 
porridge-like material from which 
the disease takes its name {afhcrc, 
^uel). The process of atheromatp.us 
so ftenin g m ay reachj;he and 

the pultacepus material is then dis- 
charged jnto the Jumen of .the.vessel 
and _an.„, atheromatous ulcer is 
formed (Fig. 192). - A thrombus 
may be f ormed , on the surface of 
the ulcer which sometimes is 
the starting-point of , an embolus. 
C alcification of the lesion is very 
comnum, since lime salts _are , readily- 
deposited in fatty;, material,. and in 
advanced cases tlie wall of the aorta 
is converted into a calcareous tube 
which is cracked in places as readily 
as a shell. Blood may- penetrate 
through, these cracks ..and. separate 
the^layiers.of the wall. The more 
advanced the age of the patient, the 
more likely is there to be marked cal- 
cification, especially in the lower 
p art of.tlie abdominal .aorta. To 
sum up, the main features are; (1) 
^'^ti^streaks, (2) wax-like plaques 
ofiiciiped'Up intiina7'(3)'atlifiroma.-_ 
^u^lcers, and (;!:)j;aJcification. 

Tn the smair7irtecie5.suclx,as-the 


, • • f , . . ^‘9I.9pa.Plc.5. and cerebrals. .the .chief 

^ ' U vA'-Uiiic of the lesions js their patchiness. Yellow nodules are seen 
' ‘tfi. (|n the ontiT and inner surfaces of the arteries iii the circle of Willis, 
' '' snudl vessels the nc)dule3 may cause serious narrowing or 

<\(!i ((i.'incte oi’ciUbion oi the lumen. This, for instance, is the chief 
e ow- u! ual corunary artery occlusion, dlie aorta is so wide that the 
nonuie-; e:;n Imw no appreciable effect on its lumen. 
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Tiic chief microscopw hs'km in the intiKia. Tiiere is first a deposit of 

the deepest, part of the intiina. Some of 
tile lijiid is taken up by macroplmires,. which become jialc. swollen, vnciio- 
iated "iipid ceils.’' The change gradually extends from the deeper part of 
the intinia to the surface. At the same time there is a thickejiing of the 
connective tissue of the intinia overlying the fatty area, ?, r., the sclerotic 
pa.rt of tlie atherosclerotic process. Cholesterol, like silica, may remain as 
an inert, substance in the tissues :nidliet’‘as' 'jp chronic stimulant to fibro- 
blasts. This new tissue l.iccomcs hyaline so that no cells can be seen in it. 
Tile deeper part of the lesif)n consists of a kind of ]iulp in which the choles- 
terol c.sterls broken up into crystals of cholesterol which appear in paraffin 
sections as needic-Iike clefts. In frozen sections the lipid can he .stained 
with Sudan and other stains for fat. (^aleinm salts are deiiositcd in the 
hi^pmtptifd ahd fine grannies stained dark blue with hematoxy- 

lin. 'idle same change is seen in the s mall arteries, but here the internal 
clastic. iaiiiimc-tejids. to, he broken up into strands,, some of which, pa.ss 
superiicial and some deep to the lesion, uniting on tlie. far side, 

InHmniJiCmurrJiugc is a common feature of athcTOSclcrpsis. Paterson 
first drewjtttcntioii.to it in tlie coronary arteries, and it has been found 
in Ahe, pulmonary, cerebral, .carotid, renal and femoral arteries. The 
hcnmrrhages, which are more frequent in hypertension, are often multiple, 
and that they may occur at intefyals is iTidlcatcd by tlie presence of old 
hemosiderin in the atheromatous ]e.sions. The heinorrhage seems to be 
from intimal capillaries which develop in atherosclerosis and communicate 
witli the lumen of tlie artery. These capillaries arc illmstrated in Fig. 175, 
page 325. Tlie hemgrrhage enlarges the atheromatous plaque, and may 
narrow or occlude tlie lumen of a small .vessel, sncli as a coronary or a 
cerebral artery. In a large artery sucli as the fcnigral tliis effect is negligible. 
The intimal iiemorrhage may further add to and intensify the athero- 
sclerotic process. Finally, it may rupture into the jnmen, of the artery and 
initiate thrombosis. Willis, who found intimal hemorrhage in the femoral 
and popliteal vessels in 55 cases in 152 routine antojisies, draws an interest- 
ing analogy between atberos.clcrosis^and^scun^^ In both of these the 
fundamental fault is mA,he_grgnnd substance of the vessels,, new capillaries 
arciormed,. hemorrhage is common and tlppmbnsisjnay bc an .accompani- 
ment. Moreover in scorbutic guinea pigs Willis observed an abundant 
deposition of lipids in the ground substance of the aorta in from 2 to 3 weeks. 


H.artroft has denionstrated in all the atheromatous aortas he has examined the 
presence of a ycIlowish-bro\Mi pignient apparently identical with the ceroid found 
in the cirrhotic liver? of choline-deficient rats. The striking feature of this sub- 
.stance i.s that it gives an intense .staining with the Sudan stains for fat in ]}araffin 
sections, and yet is insoluble in alcohol, xxdol .and other fat solvents. It appears to 
be derived, at least in part, from red blood cells. 

It used to be thought that degenerative di an ges in the media. wen' 
pri mary , and tliose in the intimiijnercly .secondary. (Thoma). This viev. . 
for long out of fashion, is.bcgiiming again to attract attention. BlumentliC.i 
and his associates have shown by means of mierp.-tincineratipn .that tiie 
bluish .granular material which is so familiar a feature-in The media "f d;e 
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aorta in old persons is calciuna. _ They, found, moreover, that micro- 
incineration _v'as a more sensitive indicator of calcium than staining vith 
ITermitoxylim The calcium ap pe ars to be 'deposited. in. the, clastic fibers, so 
tlntrcalaficati,ou..is.proportipn;Jto.lQSS of .elasticity. Indeed the primary 
change secnis' to be a deg eneration'Of'the'elastic fibe rsji\-itli.theJormation 
of d.a_stic fragments £uid,g^nlTiiE"'Elastic -degeneration is one of the basic 
age clianges’, not oiily in the arteries but in other tissues such as skin. The 
distrib\ition of calj^cation varies in different arteries, corresponding vuth 
variation in the distribution of elastic tissue. Syphilitic aortitis, in which 
the clastic fibers are destroyed, is not associated with medhir calcification. 

(I Such calcrficnition appears to precede the formation o f ath eromatous plaques 

I in the intiina, and it occurs more frequently than do the plaques. 



I’iii 103 — Ailieronia of a cerebral ve.^.sel. The thickened intima shows depenerafion 
in It." deeper layers, and there is some atrophy of the media underlying the thickened 
plaiiue. X 125. 


The niedia may show some atrophy deep to the intimal plaque. In the 
ainui tjiis is slight, bu^injtlie small vessels it may be extreme in degree, 
because the 1 )luod-pres5urii.2or.ces the intimal plaque outward producing 
seeiiiidary tiirophy of the media. 


l.n !.ci ON Tm; ^b>.s^.Ls.--Tlle elasticity.of the aorta is impaired and it becomes 
widi iicd, iinrticnlarly in old people. At the same time it is elongated, so that it 
puiMK'.- n ( ourse. Tiicre i<; none of the extreme destruction of the media 

and C.dvcutitia >ccn in sypliili,?. so tliat aneurism is a rare .sequel, but it may occur. 
In t!,c .■;!!'.:dl vc.^-.d-' there may he great narrowing of the lumen (Fig. 193) witli 
•.ti. mt'.c of file brain ami necroA-; and scarring of the myocardium. An .‘itliero- 
!i o!i a ccjeleal vc'-c! i^ a source of weakness, and is a verv common 
Lemon liaec. aiul aUo of cerebral thrombo.sis. It may lead to the 
rn-r.mtmn o', u aiiem'wm owing to involvement of the internal elastic lamina 
by proc.-.^s. 
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IvriOLnoY.- Atlicrdselcrosis is re5pf*nsible for about flo per coiit (l(‘atlis 
from coronary <{is(ause , about 5(i j)cr cent of rleaths from (Habetes . ami a]j(nit 
J)0 ne r cent of liiose from cerebrova.scnlar disease. Tl)e etiology of the 
condition i.s tljcrcfore of prinurirnjwnanci.' if anything is to be done to pre- 
vent t.hi.s common and eri])piing disability of deelinitig years, but in .<pite 
of a vast amount of experimental work that has been and is being done, 
tl)e proldcin remains unsolved. 

Jt, i.s proljai)ly a mistake to assume tliat tliere must lie any one single 
ami suflicient cause of atheroma. Inflammatory adventitial Ic.sions such 
a.s iho.se J)f rheumatic fever may be as.sociatcd with intimal ehanges in- 
distinguisliahle from arterioselerosi.s. This is best .seen in the coronary 
arleric.s of young jieojile (Saphir and Gore). After liemorrhage into the 
intima the imabsorbed red cells form a mass in whieli ehokestend crystals 
are precipitated and whicli may be identical with atheromatous material. 
In 1852 Rokitansky suggested his encrustation hypothesis in which ather- 
oma was traced to organization of a thrombns^which became inc'orporatoti 
willi tile intima with vascularization from the adventitia and the intima,. 
liemorrhagc from the new vessels which lack a good collateral (circulation, 
and libc'ration of eliolesterol from the erythroeyto.s. This tlicory hn.s been 
revived by Dnguid, more particularly with regard to coronary atlu’rnma, 
but ineliuling also atheroma of the aorta. Diiguid’s concept supported by 
f.'rawford and Lcvcnc and well reviewed by I\IeLetcln('. may explain the 
development of atheromatous le.sions in some cases. If it is correct, 
liowever, it is difficult to explain tlic absence of atiieroma in veins wliere 
llirombosis followed by vascularization is so common. There are different 
routes by whi<‘h a goal may be reached. 

Four ycar.s after Rokitansky’s paper Vircliow, liis arch opponent, intro- 
duced the concept that atheroma is due to an imbibition (>f plasma by dam- 
aged intima with consecpieut deposition of lipid hi the ground snbstniicc. 
This eoncopt i.s not as .simple as might at first appear, for it leavc.s im- 
answorod the following quc.stions; Docs the intimal degeneration precede 
or follow the imbibition of plasma? Is a liciglitened bloo.d Jipid.levc.l .a pre- 
disposing or jierhaps a necessary factor? Docs increased iienneability of 
the endotludiuih’due to infections, etc. allow the plasma to enter the intima? 
\Yluit ])art do acec.ssory factors such as strain, hypertension and age play? 

In trying to form for ourselves a concept of the patliogenesis of atheroma 
it is well to distinguish between the parts jilayed by ground .snhstanee, 
elastic tissue, fibrous tissue and lipid. The nicest fundamental of the,se 
may be the ground substance, the matrix from whicli elastic and fibrous 
tissue may be formed and to which they may return. It is, moreover, a 
prime factor in controlling tissue permeability. It consists mainly of the 
'^nncopoly.saccharidcs hyaluronic acid and chondroitin sulphate, the latter 
being the snlphatccl form of the former. It stains nictachromatically with 
toluidin blue and is beautifully demonstrated by the colloidal iron technic 
whi(di stains it an intense blue, esjiceially when it is increased in nmnuiit 
or altered in character as the result of disease (Ilhinehart and Abul-IIajj. 
Aly colleague II. E. Taylor has shown that in infancy the metacliroiiKuic 
substance is distributed evenly throughout the entire v.idth «if the wall of 
the aorta between the ehustic fibers. Init with advancing vears the ground 
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substance becomes coiKlcnsed in focxil musses of fotimj metdcbromatic 
material especially in areas showing fragmentation of elastic fibers. It 
may be that there is a relationship between increased metachromia and 
degeneration of the elastica, the highly polymerized mucopolysaccharides 
of elastic tissue being returned to the raetachromatic pool. The process 
is seen in most striking form in mcdionecrosis of the aorta, and is not 
necessarily associated with atheromatous plaques. This medial degenera- 
tion is met with at all ages, but is most pronounced in Jater years and in 
cases of arterial h.^-pertension. Destruction of the elastica may be due to 
t ^nvcractivitv of the enzyme elastasc or to lack of.tbe in hibitor of the enzym e 
which is present in normal serum. v>< jSh*ta min deficiency might play a part 
in such activation, as suggested by the increase of metachromatic muco- 
polysaccharides in the intima and media of the coronary arteries in 
floxine deficient monkeys (Rinehart and Greenburg). 

Diffuse intiinal fibrosis is also observed both in early childhood and in 
the apparently normal adult aorta (\Yilcns). Some of this fibrosis may be 
not truly iutimal but may also involve the media. What at first sight 
appears to be markedly thickened intima may prove on more careful 
examination to be thickened intima plus degenerated and fibrosed media 
in which all the elastic tissue has been lost. Although intimal fibrosis is 
not necessarily associated with deposits of lipids it may be an integral 
part of the atherosclerotic process. 

The Hpicl, cholesterol, is the most contentious .of, the.four„elements under 
discussion. It is the one most evident both to the naked eye and on micro- 
scopic examination, especially when fat stains arc used on frozen sections. 
The baffling (jucstion still remains as to whether its presence is merely the 
result of increased permeability .of tissue brought about by change, in.the 
character, of the ground substance or whether the lipid deposits are the 
fann ri or if/o of the \yhqle_ process, 

Leary, in a paper summing up the work of many years, says that the 
/ relation of crystalline ester chole.sterol to the lesions is as specific as is that 
of the tubercle bacillus to tuberculosis. But we must remember that 
tuberculoid reactions may be produced by a variety of agents. Atheroma 
is almost exclusively a human disease among mammals, although it may 
occur naturally in birds. This fact discounts to a marked degree much of 
the experimental work on animals. It was Anitschkow who first produced 
atheromatous deposits in the aorta of rabbits by feeding them a diet rich 
m cholesterol. Leary and others have confirmed these re.sults in the coro- 
nary arteries as Nvell as in the a()rta. Duff, in an excellent review, points 
out that the re.'ults of cholesterol feeding iit rabbits affords no grounds for 
the bi'liei that human atherosclerosis is related to high chole.sterol in th(' 
diet or to hyjterchole.steroleinia. Th£„iiortnal blood cholesterol of the 
raiffiit is low and is markedl.v, raised by the administratlorTbLcholesterol,' 
a hereas iji nian the normal level is high. 


It wiv.iM apiiear th.at th.e .rize and physical .st.nte of the lipid molecules may be 
uw'e nu^w^:t■.mt than tlie level of serum lipid. C'.ofman and his a.s.soeiate.s have 
> iywa by t!;,> iVitatimi rate in the ultracentrifuge that .several .specic.s 

<■; ni.-.M' uteri, may evbt in the h.uman subject. The units u.^cd are called Svedberg 
.1 'trtam. .,!■ litrt-. Tw... elas'^es of lipoproteias are elevated .signifieantlv in pa- 
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lietits witli cfjvonnry uvlcry dis('a?<*, numcly tiiosc l>elAvcnn 12 and Sf 20 (the 
Hf 12-20 r.‘!af>a) and lliOFO V)et.wcon Sr 20 and Sr 100 (the Sf 20-100 class). As these* 
two clnsscs rejnesent only 10 to l.o per cent of the total lipiris of .senun, it- wo\i!d 
seem tli.at So to 00 {ler cent of .=onini lipoproteins are not related to atherosclerosis, 
so that, estimations of tfstal senim cholesterol are. without value and indeed mis- 
leadin;^. It is liclieved that the Sf 10-20 moleeule.s hear n .siimirirant relationship to 
iiuinan atheroma, and tvhat those macromolecules (tfi.ant molecules) may become 
entrapj)cd bet ween the overlyinu endothelitim aifd the nnderiyim^ elastica. Wlien 
the neutral f.ats and fatty .acids are absorbed the chole.sterol and its esters arc left 
behind. The si<:nifieant levels are r.aised in certain diseases. <.<)., diabetes, 
nephrosis, myxedema, hc))atitis and xanthomatosis. The level is also raised in 
obesity, and it is not without interest to note that atheroma is ton times more 
common in liic obese than in (he lean. The administr.ation of heparin ha.s .a re- 
markable influence in shifting the sennn lipojirotein pattern towarcl normal, 

Jn addition to tlio level of blood lipids, consideration must be given to 
th ^eir/.vine .systcons in .tlie xesse) yvidl w hich fleal with the Upicls-. These 
may' l^e <lifl'ercnt in diflercut.spccics.ajKlThis 'dinefehc’e'ihay' explain why 
th(\y{og.,and (‘!it„.art^^ resistant to dietary atheroma which is so readily 
l^rodn cod in the rabbit. When the dog’s a orta i s rendered ischemic by 
cai|terizatU)njjxt!).eromatous,Ic.sions.de.volopJu.thc ischcinic areas when the 
aniiiial is fed chol e.sterol. If the enzyme system is inadequate toJdcal Vvitlu ^ 
thelipids presented to il: the latter rainyotja^^^ in the intima.j ' 

I ifThis connection reference must be made to the rat, an ainmaTin winch 
it Js-practicajlx:, jnijxrssibje to kVYgl ..qh blood lipids or to produce 

athcrp) 3 .elert)sis j)y_£ccdiiig cholesterol alono.’""'The reason for the immunity 
of. Jjds -boon the siibjeet.of.inuch .speculation. An interesting 

explanation has been recently suggested by my collcaguc.-Dr..T... Constant- 
inides who, in confirmation of much earlier claims, found that the connec- 
tive tissue of the. rat is alumdanti.v.supplied witl umast cells, w hereas in. the 
a tlicroscl erotic susceptible rabbit these cells arc pnKTicaTIy_a The 

mast cell is eousiden'd to ,i)roduce heparin in the bocT^ and the injection 
of tins siibstaiicei wiiich is related chemically to nmcopnlysticcha rides, 
inhihits lipemia and retards athcrogenesis in the eholesteroi fed rabbit. It 
may be, therefore, that the presence or al)sence of mast cells may play some 
hitherto nnsuspeeted role in the pathogenc.sis of atherosclerosis. 

A'arious factors may be responsible for interference with the ester- 
sp littin g mcchafiism. Of these factors age, hcredity„aiKhstrii.i.n, particularly 
hypert<Misipn,jleser.ye„consi.clcratiqn. (1) Atherosclerosis is a degenerative 
process associated with advancing years which in one way seems as natural 
as the graying of the hair. It i.s the end of a song that is sung in the cradle, 

.\s (?lilford Allbiitt remarks; “It cannot be supposed that the stealthy 
hours carry away no qualities of tissue, no quantities of energy.” The 
older the person the more likely is there to he marked atheroma. But in 
persons over eighty years of .age the aorta may show hardly a trace tif 
atheroma, whereas it may bo present in the young. It is possible that it 
is the elastic fibers of the media which arc damaged by the ageing process, 
and that the lo.ss of elasticity may lead to degeneration of the intima. "Hie 
fine vessels supplying tlic deeper layer of the.intiina have no muscular 
cojTt7Tmd'afe^*dc]xm^^^ .contractility of the aorta forla cqniiiions 

flow of ldo()dATiroiigli their channels. (2) Ileredity certainly- plays .a part. 
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Mortensen, in an analysis of 300 cases of atherosclerosis, found a family 
history'' in 67.5 per cent, and many of the remainder did not kn ow the cause 
of de^hj)iJ;hejT_ancestp,rs. O’Hare obtained a'poTiHvelamljyKstpry in 
GSjer cent pfcases. One patient, whose father died of apoplexy and mother 
of cardiovascular-renal disease, had 9 brothers and sisters all of whom had 
died of apoplexy, and he himself had already had a stroke. (3) Hyper- 
te n.sion i s.a diffi cult fa ctor, to. assess, because it is common -in the same age 
pe riod a s atheroma, and the association may be incidental rather than 
causal. iMoreover, different sites must be considered separately. No 
a ccurat e statistical .data, are available, but the_ following generalization 
appears justifiable; no causal connection in atheroma of the aorta, fre- 
quently connection in coronary atheroma, probable connection in cerebral 
atheroma. In coarctation of the aorta in young people there may be marked 



Fig. 19t. — Monclveljerji's sclero-^is of ovarian vessels. In the medi.a of three of the 
arierips there is a large depo.'it anil in the fourtli a small deposit of lime salts. X 16. 


atheroma altuvo the point of narrowing, and lesserjlcgrees arc common in 
tlu‘ jnrtniqiuuy' artery in mitral stenosis. Prolonged experimental hyper- 
tension 111 the rabbit (an unsatisfactory anhnal.for. atheroma experiments) 
ieaib to the formation of atheromatous plaques in the aorta (Dill and 
Iseuhuur). In these eases tliere is no elevation of the blood cholesterol. 


.-\ortie It^ions are nearly always most pronounced at_po hits which may be 
eonsideivd specially subject to strain, such as the bifurcation of the aorta 
ami the ^ite.'. of origin of the intercostal and lumbar arteries. Winternitz 
he!ie\e> that atheroma is closely ass<v;iate(l witlrj.nterl’erencc with the blood 
supply id subiutimal areas by injury to the vasa.vasorum which enter this 
regam. riu- wmihriigree with Ilueiier's theory of .anoxia as a cause of 
r.K- ^ fonns of arteriosi-lerosis. The anoxia, which may be profhiecd 

by a x ara-ry of eheiim-al and piiysical agents, interferes witli the oxidation 
nHvii'.uii'in ami nutrition of tlie vessel wall. 


.1 n TKHIOSCUCHOSIS 
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TIk! esterase mechanism may he under clu’inical or hormonal control. 
Tiiis is su^^ested hy thc'fact tliat the eholesterolb.sls of the aorta prodnecd 
in rabbits by fe<‘ding eh(>l('Slcrol is prevented by tlic administration not 
only of thyroid sland. bin also of iodine. It is said that thyroiih'Ctomy 
eaiise.s marhed increase in the blood ebole.sterol, and it is ■well knpv. n that 
the level is high in myxx'denia. The ineidenee of atheroma in Iceland is 
remarkably low (])nnga!),'and it has been .suggested that this may be due 
to tile abundant iodine snpjdy in the food, .sf)il and air of that count ry. 
Atheroma is also very uncommon in China, as are other conditions involving 
disturbance of lipid metabolism. The facts of geographic pathology are 
always of inti're.st, hut fact must be distinguished from theory, and it is 
wise not to let fancy run too free in suggesting e.xplanations. Possibly the 
temj')orary lijiid deposits in the. intima wliieh are met with in adolcseenee 
may be due to transient inhibition of esterase due to hormonal imbalance. 

2. Medial Sclerosis of Monckeberg.— This is the tyjje of arterioselero.sis 
which is observed l>y the clinician when lie feels the arteries, for it is the 
vessels of the limbs, arteries of the muscular type, which arc affected. 
Tlio pipe-stem radials, the tortuous and prominent tcmjiorals, belong to 
this class, 'fhe condition is a seiiilo degenerative change with no relation 
to high hlood-nressur e. although the long-eoutinued administration ot 
adrenalin~ln animals leads t() calcification of the media. In these respects 
it resembles atheroma, dlu* two lesions may both he present in the same 
artery, ^^^lat relation, if any, it hoars to atheroma it is not safe at present 
to say. The arteries most affected arc the femoral, popliteal, the radial 
just above the wrist, and the parietal vc.ssels.such as the gluteal and puden- 
dal. The viscer.’d arteries (mesenteric, etc.) are seldom involved, but 
typical c.x'ampies may be seen in the uterus and ovary in old iiersons. 

Lksioxs.— I t is probable that the first change js fatty degeneration of 
the media,. Calcium is then deposited in the degenerated tis.sne, and tin* 
vessel becomes hard and brittle. 

I'he chief imcroscoinc change is in the media (Fig. 194). The muscle 
fibers undergo fatty clianges with degeneration, fragmentation, and the 
deposition of lime salts. These may be in the form of fine gi'aniiles or large 
masses. Bone containing bone-marrow has sometimes been observed. 
The other coats are often normal, in which ease there wilLbe-no -narrowing 
of the lumen. Atheroma is often added, and this may produce marked 
<^^’cl 9 .§jp.ll’..,<]„<^bangc seen in senile and diabetic gangrene of the leg. 

]\lF-DioxEcnosis OF THE Aokt.a.— With advancing yeans the aorta often dcvclojxs 
a bn sbplHlic jmTcjh-fike’sulista^^^^ inteixtitial tis.«uc of the nicdia which .‘^tains 

hlue ynth hematoxylin, intensely hlue with coUoidnriron, and give.=: a iiolychromatic 
(violet), reaction intirsikT' haMe aniline dyes a.s thibnin and toluidin lilue. This 
jiolychromatic material represent.s a change in the muoojiolysaecharide (iiyaluronic 
acid) of the .irround .substance. The ehrmnatroine material iire.'^ents a vacuolaterl 
and even bubbly up]iearance (Fig. 19.5), the elastic tissue may be largely replaced, 
and focal necrosis may develop, especially in the inner and middle thirds of the 
wall. Cyst formation may occur in these nc<‘rntic jiatches, the idiopathic cystic 
medion<?crosi.s of the aorta finst descTibed by Frdlieim. The rc.sult of these ch.ange.s, 
which can only be apjireoiatcd if the sections are stained for elastic tissue and with 
a stain for mncopolysaccharidc, is to weaken the wall of the nort.a to such a degree 
that a dissecting aneurism may develop or in rare cases spontaneous rupture of the 
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aorta. The pathologist sometimes encounters at autopsy cases of great cardiac 
hypertrophy with no ob\'ious explanation such as arterial hypertension or aortic 
vahmlar disease. In a number of such instances I have seen marked medionecrosis 
with disappearance of elastic tissue and in one case a loud aortic diastolic murmur 
was heard, suggesting that the cardiac hypertrophy might be due to aortic in- 
.Kiifficiency. 

3. Difiuse Arte riolar Sc lerosis.— This form of arterial degeneration is 
idso called arterioloselerosis and diffuse hyperplastic sclerosis. Tire term 
arteriole is vague and not susceptiBle drsTfierdefihitidm ' Iri'the present 
eo'nnection it is used to indicate the smaller art^ms of_the viscera, the 
intimate vasculature, vessels 100 microns in diameter or less. The lesions are 
not all of one type, hut in general they cause thickening of the wall and nar- 
rowing of the lumen. Arteriolar sclerosis may be -widespread, but is most 
frequent in the spleen, pancreas, kidney and adrenal. The arteries involved 
are of a smaller, order -than the “small” arter^ affected by atheroma, c. g., 
coronary. and cerebral vessels. 

i-iypert.mision,andt,he aging process seem to be the two principal etiologi- 
cal factors. That hypertension is a causa] agent is indicated by the fact 
thatjdeutical. lesions- are found in the^cxperimentaniypertensive animal. 
On the other hand similar lesions, although usually less pronounced, may 
be present in persons without hypertension, especially in the aged. Hyper- 
tension appears to accentuate and speed up “a normal wear-and-tear 
degenerative process. 

Hypertension is at present divided into two forms, pr imary and second- 
ary. The primary, which is by far the more common, is also called essential 
or idiopathic because the causation is unkno-n-n. In the secondary form 
thtTe'is some associated lesion such as chronic jiephritis or adrenal cortical 
tumor which is presumed to bear a causal relationship to the ht-pertension. 
fcitenal ischemia, cither due to disease or produced experimeirtally by Gold- 
f blatt’s method of constricting the renal arteries, is constantly associated 
with hypertension. The kidney seems to exercise a control in the mainten- 
ancejpf-normal, blood, pressure levels. ..Hypertension may, therefore, be 
due to a failure, of this normal. function, and not, as is commonly believed, 
to the liberation of a pressure substance as the result of ischemia. Dogs 
from whom both kidnevs have been removed and who have been kept alive 
f(u- se\-enty days by peritoneal lavage have developed sustained hyper- 
tension (Grollman d al.). It is evident that hypertension can occur in 
the absemv ol renal tissue, :ind that the presence of renal tissue lUiiy prevent 
rather than Ciutse it. The Friedmans have suggested that the maintenance 
oi normal pressure dejjcnds on a correct balance bet-ween the production 
of a pressor material by the adrenal cortex and its handling by the kidney. 
1 he administration of adrenal cortical extract or of deso.\\'corticosterone 
i (1X)C.\) results in hypertension in the e.xperimental animal. Thus hr-per- 
l|ten^ion may be the result either of renal failure or of adrenal overactivity, 
and it is possible that in the future the distinction between primary and 
< ondarx hrpertension may lose its meaning. Kssential hypertension, 
vhich txnutitutcs 00 per cent ot all cases of hypertension, may be divided 
into >u-iXLllt.:d Ix m.gnand malignant forms. The benign form is characterized 
by a g.>-a.dual ons(.‘t and a long-continued course often of many years. The 
m.ilignant iorm, very much les's common, is frequently of abrupt onset 
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.-uid runs a courts jn months rather than years. It often eiKi>- 

with renal failure (uremia), hiVt 'not ^nccte'sarily «>. The le.sions of 
l)y}>(>rtensive arteriQiosclerosis clilfer in the two forms, althouirli tin- distim^- 
iion between tile tw(^ is not always as sharp as indieated here. In each 
form tlicre may be two sitrnihennt lesions. 

Bkniox Foiim.-— The ehnracleristie lesions are liyaJine degeneration and 
elastic hypcridasia, J/j/a/fnr (h.-.nnu'rnfion, the ('oinmoia'St manifestation 

arterioloselcrosis, is best seen in the smallest, vessels, such as the aiTerent 
arterioles of the kidney, althongh not coniined to these ycsscls. There is a 
sharply defined, smooth, acido- 
))hilic thiekening of the subin- 
tinial tissue. In course of time 
the change may involve the entire 
thickness of tlie wall (Fig. lOb), 
but some traec of nuclear struc- 
ture nsnally remains. The appear- 
anee sug.gcsts an aeenninlatiou or 
dcjiosition of liyaline material 
wliicti lends to narrowing and in 
extreme eases to (‘omplete oblitcr- 
atioiVpT the.lnmen. Dii.iruid and 
.-Vnderson suggest that the process 
is no^i.primary degeneration of 
the wall, hut rather a deposit of 
hematogenous origin in the lumen 
of the ve.ssel. this matorihl be- 
coming covered by cndothelimn 
and incorporated in. tlie ve.ssel 
wall. In the .spleen byaline arte- 
riolosclerosis is so cpimnnii jis to 
havy no jiathological significance. 

In the kidney it is almost invar- 
iably associated with hype-rten- 
sion, whereas in nonrhyjicrten- 
siyixs the. kidney is one of the 
organs least freqm'ntly involved. 

In no other organ is tliere this 
constant relationship , , hetween 
arterioldselerbsis and liyperten- 

.sion, but in such organs the lesions arc more frequent and more severe 
in per.^ons with liypertension. Ilyjicrtension is, therefore, tlie most 
important causal factor, but, except in the case of the Iddncy, it is not an 
essential factor. 

IChsiio. Infpcrj)l(ma , sometimes called rlrisiosi.'? is most marked in the 
larger arterioles and.mediumrsizocLarfcrics, hut some degree of it can he 
seelidNirndiTthe smnUcst^^ycs^Isj^ Jl'hc internal clast ic l amina is, split up 
into se\xdiT~Fryta)s.”T jTrdca’ss Itnown as mlvj)Jicniion (Fig. 197). 'J’here 
may also he proliferation of endothclial.-cells. wliich become intermnigled 
with the new elastic fibers. At first the elastosis is confined to the intima. 
eansim: narrowing of the lumen, but as time goes oii both intima.aud media 



Fig. 195. — Medionccrosis of aorlu, 
.showinE marked vacuolization of jiround 
sub-vtance. X lOO. 
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are seen to be coinjxiscd largely of clastic fibers in sections stnijjed to sl) 0 ^v 
that tissue. The muscular type of artery has become converted into the 
elastic type characteristic of large arteries such as the aorta vliieh are 
designed to withstand great strain and arc little more than passive conduct- 
ing tnhos. The- amount of clastic tissue in the walls of an artery ap])roxi- 
mately corresponds to tlie ])rcssurc of })]ood within it. 

Malioxant ForiM.— In the malignant form of hyi)crtension, in which 
the ])roccss has a quickened ivnijxi and the vessels have less time to adapt 
themselves to increased strain, the characteristic lesions in their orcicr t>f 
importance are aVtCTiolar .necrosis. a ndjy]jular^[n^^^ In nrleriolnr 

itcrrosl'i, also called ne erot iziii g arteri olitis, the wiiolc thickness of the vessel 
w.‘nn)cc(>!ne.s necrotic and strncturolc.ss (Kig. 198). TliT'afrec*tcd area 
stains dilfns('Iy,rcd3.nib.Tb'snn, and its limits arc fiizzy anfl indistitict, as if 
it had .been fr,eshl\\painted and someone had smcarcfl ib with his thumb, 
d'his is in sharp contrast to the clean-cut smooth ap])carancc of byaliiic 
flcgeucratioTp in winch sharply defined .nuclei often ])ersist. A rapid rise 
in bloo{|-j)ressurc. is likely to icarl t<varteri()loueerosis due to the sudden 
and severe mechanical .strain and extnaue vasoeoiistriction. diic lesion 
can be produced in the course of a few days in tlie experimental aninial. 
The necrotic wall often becomes infiUrated with,. red, .eells..nmihemorrhage 
is common, e.s])ecially in the brain. Anciirismal dilatation can occur. 
Artcrio]f>.pe.crpsis is cdhiiikhily' seen in byiieriension eomplieatcfl by renal 
faijure (uremia), and it is possii)le tliat toxic products iii, tlie blood may play 
a part in its production. C\UjdQTJui]Kr.plasui,xo\mnovi]y. called prpdneti\'e 
endarteritis and liyperplastie.arteriok).sderosis, is.a condition in which the 
wajjs..oLtlie .arlcriqlps arc thiekened by a concentric cellular proliferation, 
so that they may present an 'l>nion-sldn” ,ap])earunee (Fig. 199). The 
j)rbTfcrn{ti6iTihalv l^e mainly suhinAiuml, so as to merit the term endarteritis, 
lint often the hyperplasia is most marked in the media, a mitnrnl re.sj)onse 
to the increased.hitniya^enlar ])rcssnrc. Witliont an elastm^p’ssne stain it 
may be inij)qssible_ to distingnisli the limits of tlic inideatckl tin 
intima and the hyperplastic media. TMicn the process is slower ..the^iiucle- 
JTpe.muice is lost and the new tissue becomes collagenous. Fatty 
degcmcration may be inarkcd in frozen sections. Elastiejiyperplasia of the 
intima islldra special feature of thcxtuidition; such liypcrjilasia appears to 
he a reaction to gradually increasing and ]}ro]ongcd liypcrtension. It 
may, of course, he jn'cscnt in the medium-sized arteries of any one over 
middk^ age, but under these conditions it has no significance. 

For the sake of coiiyenieiiec.,thcse,.fonr . lesions have been dcscrilied 
separately. Tliey may, however, he comhined and intermingled, for tin* 
slow (benign) form may have an acute (malignant) termination. Similar 
m’teriolar lesions arc seen in the hypertension of glomerulonephritis. 


ANEURISMS 

An aneiirisin js a,.lgcalized dilatation of an artery. 

rAilsksT— Every aneimshV is caused In* weakening of the arterial walk 
As a rule, it is the media which is damaged. Syphilis used td’be tlie niost 
important cause of anetirisra of the. large arteries. With the modern control 
of syphilis and witli thednereasing age .of the population nthc, sw. 
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Ar - iMtlftKd-jiXcceds.5V-Philis.jis._H_[-‘imsal,Jiictor. seldom or 

aneiirismiprjmatiQnjn_the jmall., arteries, becau^in them 
th'e lesion is a diffuse thickening of the intima, with, little inlmlvement of 
the media'.' An infected embolus will lead,to supputatiomof tlie-vcssel wall 
and 'destruction. of the .medK.SQ„tlrat .anAnfectiye or niycotic, aneurism is 
forin.cd.. Periar^fffi.s. nodosa may. weaken the vessel and lead to th e.for- 
ination of multipie.'smail , aneurisms. Infection from an a'^cSs^_ a tn- 
herciilous focus may forin .the starting-point of an aneurism. Finally, 
congenita! weakness of the media in the arteries at the base of the brain 
has been suggested as a cause of a con rjcnital aneurism. 

\Arieties.— A irue aucurism is one in which ^e sac is forined by the 
wall of the vessel. A false aneurism is one in.which the sac is formed^by the 
surroundingj-issues. It is caused by the rupture of a vessel, and is a hema- 
toma Vatlier than an aneurism. A fimforrn'aneufisi^is a. dilatation of a 
.segment bif the vessel, and is seen in the'aorta ^d its large branches. A 
.vncc/dar ,a?)cFr' 2 .??« isiL.pouching of the vessel at one point. This is the usual 
form of„auenrism. traumatic aneurism is a false 'aneurism, a hematoma, 
formcdJj,vJaceratioiEQ.hth(rvcssel wall. 

An ari(’runrnou.s aneurism is, an abnormal communication between an 
artery !ind..a...veiu,.usualiy due to simultaneous laceration of an adjoThmg 
;irlery’aud vein. The blood passes from the artery into the vein, and pro- 
duces a local distention of the vein which pulsates as forcibly as the artery .- 

A congenital artcrunruous fistula is a direct “shunt” between ai\ artery 
and a \-ein without the interposition of capillaries. The blood 'passes 
forcibly into the vein, which becomes dilated'‘(arterio venous vurix). The 
lesion is commonest in the leg, but may occur in the arh£oHhe'scalp; in the 
latler.])osi(ion, it forin.s a mass of dilated vessels known a&ix c.irsnid uima'ism. 
The clinical features are striking and inakoccognitipn easy: (1) higher 
blood-pressure and temperature in the affected limb; (2) increased circum- 
ference' oTTheliml) and the pi-esence of bruits and thrills; (3) cardiac 
li.vpertrophy; (4) venous blood is redder on the affected side (pathogno- 
uK)uie'); (5) roentgen-ray visualization of the fistula after the injectiniT'of 
thorotrast (arteriograpliy). 

A disscciinij aiinirmm is not a true aneurism, i. e., the vessel is not dilated. 
A hemorrhage occurs in the media of the aorta betweeiTtlieTniddle and 
outer thirds, cotumencing at the base aiid spreading along the ve.ssel for a 
varialile distaiu-e, siditting the media into two layers in its pa.ssage (Fig. 
-’()()). Ihe blood tends to encircle the aorta, and may jjass along its 
entire length to the bifurcation. Tn one cif my cases the blood had di.s- 
sected its way along the renal, splenic and superior mesenteric arteries 
cun-ing gangrene of the bowel through pre.ssure on the latter ve'sseh' Then* 
ma.\ be isi-luanie necrosis of various tissues due to the blood in the wall of 
the aovtu compre-sijig the exit of arterial branches, as, for instance, in the 
* arteries. On this account there nray be a confusing 
tuukijoicrtc of syn^jUoms. 1 suall.v the blood ru])tures externallv, witli 
>.e;ah to the patient, l.nt it may rupture into the Ihmen. Should the'patient 
-urvive, tae t.looci may be absorbed, ami two tubes are form ed , o ne Inside 
^ "V er d'-.'-ming gncnrisjii is a dls(*a.se of later life, ami is rare before the 
_1 lie primar.v Ic.sion in the great.jnajorit.v. of cases is 
n v.ro.!s o. the aorta can.sing rnjjtureof the vasa,.Viis<(rum, hut 
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1 havcseen an occasional instance of blood cn tcrint;.tlic media llirough an atl;- 
iildb intinaa.. As a mica tear in tim Jiitiw 
the sjiot where tlie latter is norma!) is an efi'ect rather than a cause of the 
condition.’ Syphilis is licit a factoY of any iinjiprtanee. 'rhere 'may lie large 
ccdlceliiiiis of lyhijjheic-yt^^^^^ cells in the adventitia; this is not 

the result of sypldiis, l)iit is dne, apparently, to irritation ])rodneed hy tlu* 
accumulation of red lilood cells in the. wail of the aorta, d'hc l)l(.iod-j)rcssin c 
is usnaliy higli unless the patient is in t\vfreinis\ and the heart is eorresjxmd- 
ingly enhirged. The .vy?/?pfo/a.v arc charaeteri.stie. ;'I’he [latient Is seized 
hy a .sudden .sharj) pain in the cliesf, accohipaniod hy prostration. He often 
expenimee.s wliat he dtsscjrihe.s'as a' 
tearing sensation. The pain ])asses 
off, hut ilia typical ease death oeeiirs 
some days later from the hiirsting of 
thqaneurism into thepericardial sae, 
the chest, or the ahdoininal c^avity. 

Aneurism of the Aorta. —Aoj'tic. 
aneurism is .so imicJi inorc comihon 
aiTdlmpcTFtahrthan the other forms 
that it will he considered separately. 

Syphih’s. ,espeeiajly in A.lte J;iiprack^ 
aorta, u?ed to he far tl.m coni inonest 
■(d.if)logk'ai,fayi()r, as it is a greUt’cles- 
troyer of, elastic, tissifo , ‘201 h 
Syjiliilitie aortitis is now much less 
I rckpiehtilmt' atlicrdma of the a1 Vdoin- 
i na 1 aortipwhlch eause.s a mcif e dhl use 
disintegrafion ()f elastic fibers, seems 
to hctaTiiig its pliiceTEach time the 
aorta'dilafes it does not quite return 
to thehibrihal sizc .owing to destruc- 
tion of the clastic tissue. A syplnlj- 
tie aneuri.sm is more likely'Ao be 
.sa(‘aihif;'aTnitlmT6ihafd^^^^ aneurism 

tci...JkrA!uSfdrur.""“The"k^^^^ 200.— Dissoctin" anetirisrn of 

1 -1 i- n 1* A, .. 1 M’ aorta. The inodi.a of the a.sceiul- 

w hicli loll ows .ipplics to the sypluh- 

tieyipriU. . - byer.$. Tlie dark tnas^s betAveou tlie 

The dilatation begins in the as- layens b blood. 

(•ending aorta or the arch (Fig. 202). 

Ustiallyiris Uk.kh‘ia'd’’(saceular,aneu^^^ hut sometimes it isjn( 2 nuiniforin 
(difbisejmcnrism). Thc“mc)U{h'hTs 'a smooth rolled edge, d'he aneurism 
may gr ow fo rward/eroding the sternum, or backward, eroding the bodies 
of tiic wertcljraTttliough not tiie, intcryciTebfarAlisks)TBnTb1ng*g^^ 
in tlie hack It may press on the trachea w-ith difficulty in breathing, cn 
the csophagus3\dtb.(Hfficnltydn-swallowing, on therieft'reHiTrciit lanni^^^^^ 
nerve witli hoarseuc.ss and aphonia.-„It inay rupture biiTl)e3\iili’ace, dr into 
the .trachea, bronchi, esophagus, pericardium, or pleural cavity. 

Tlie adjoining parts of the aorta .show the chafaeterisfic wrinkling 
syphilitic aortitis, hut in 'the aneurismal sac the direct evidenr 
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J^nLEIilTIS 


is iisiKilly i)ljs:<'um! I)y utlutroiuri. 'riiroinlmsis yif'ciirs yn! the roughf:m’<i 
liiiiiii:. atirl jiivi'r after layer of cioi is laid {hnv.ii and ijeeomes iiictn-porated 
with tlx* wall of the sae. d'he elot tlu'refore sliows a ehara<’teristically 
lahm!at('f] appearaijee. i\]icrose()j)i{! examination of the wall of the sae 
shows that, it etnisists only of ad\ entitia: tlu* intiina and media have disap- 
]ieared. Adjoiuinp: })arts of the wall show the mieroseopic lesions of active 
syj)hi!itie aortitis. 

Axoiosi’astic Diskasks. — The muscular walls of the arterioles are supplied both 
with ('f)nstric(or and dilator fibers. In inflaimnaforv couditious of arteries such as 
Ihieriter's disease the lesion irritates the seiisfiry synipalhetie fibers and tlius cau.si'.s 
const rieliori of The aiiastoniotic ami terminal arteries. For this reason. operative, 
piwiylures. desiiiued to paralyze the sympathetic may he of ^reat ..fienelil hy in- 
crcasin.ii tiic collateral eirculalion. Kecent cmholism and rajiid thrombosis jiave a 
simiirir 'action on the .sympathetic,. In advanced non-infiammatory arterial oe- 
clnsitVn (arterioscUa-otie) there is inhibition of vasoconstrictor tonus, so' that no 
htaiiTitJ^s obtained. hA’ iiaralyziuK the sympathetic. Raipinuil’^i diserm- is a condition 
of lon,i£-eon tinned arterial spasm resnl(inf>; in local aspliyxia and symmetrical ^an- 
loene. It nsnalh* affects the finaer.<. It is pionerally Ixdieved that the essential 
cause is a disturbance of the vasomotor mechanism, allhont!;!! it lias liecn suRnested 
that there is s'ome local fault in the ]ieri])hery independent of the vasomotor mech- 
anism (Ixiwis). Mild cases of aniiiosjiasm ("dead fini^ers”) are very (•ommon; they 
occur usually in women. Vasodilatation is: the basis of rrtilhroindcdfjia (criilhrofi, 
red; me/os, limb; (dgof^, pain), a condition marked by a iiaro.xysnial throbbing and 
burning jiain usually in tiie feet, .sometimes in the hands, aecomjjanied hy a dusky 
mottled redness of the jiarts. 


TIIK VEIN'S 

PHLEBITIS 

Inflammation of a vein or phlebitis differs from inflaimnation of an 
artery in the greater tendency to thrombosis and the eon-e.sjinndingly 
le.ssehed tejirleuc.y to bemon'hage. The inflammation may be .suppurative 
or non-suppurative. 

SurmniATivi: PHiiKinTis.— 'The inflammation is "caused by iiyogenic bacteria 
which usually invade „the. vein from without. A vein passing through an abscess or 
an area oT celinlitis is nmch more likely to boconio inflamed and thrombosed than is 
the corres})ondin.g artery. The entire thickness of the wall is invatlerl by leucocytes 
and thrombosis rapidly occurs, so that the condition may be called a thrombo- 
phlebitis. The thrombus tiecomes septic, softens, and is likely to disintcgi'ate witli 
the formation of emboli. Hemorrhage is not common, because the thromhosis 
advances ahead of the inflammation and closes the vessel. Some of the most im- 
jiortant examples of snjijmrativc Ihrombophlehitis are as follows: i)hlehitis of the 
lateral sinus followin.e acute of iti.s media and llireatening to e.xtend down tlic juguLar 
vein: phlebitis of the facial veins following a boil or carbuncle of the nose or upper 
li)) extending through the o])hthalmic veins, to the cavernous sinus; phlebitis of 
vaFu'Ose hemorrhoidal veins (piles): phlebitis extending froni the ni)])cn<iix to the 
portal vein and causing a }.x)rtal jwemia; phlebitis of the pelvic and femoral vein.s 
following ])ucrpcral sej.'sis or o]-!fra lions on the female pelvic organs; phlebitis of 
varicose veins of the leg wh'eu ulceration h.as occurred. ■ In all of those instanros 
the great danger is that multiple .■^eptie embolism may occur csiicl a comiition of 
pyemia be set up. ■ 
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Xo.v-.sfpruitATiv?: Phlebitis— Wicn a vein is ligatured an aseptic phlebitis 
occurs accompanied by thrombosis.^ ^Giving to the al5sence' of infection the throm- 
b’lTs^.sliVvadcfrbTcapnffi and organized into fibrous tissue.^ The 

pre.«ence of a tlirombuVis of itself sufficient to produce an inflammatory reaction in 
the vein wall. This is ajit to lie mistaken for a primary inflammation, and the con- 
dition is wrongly labelled thrombophlebitis. 

Thrombophlkbitls JIiGnAXS.— Moating.. thrombophlebitis, is an unusual 
fliscase of the circulatory system characterized by rep eated veno us ^rornboses, 
notTTmej’ now' aridth'ef’‘,sho‘rrsegment of vein being involved in different parts of 
the body, often in rccvirring attacks extending over a period of months or even 
years. It may occur at any age. Birnbcrg and Hansen report a case in a boy 
fourteen years of age, in whom' inflamed veins were observed in both legs and on 
both .sides of the abdominal wall. At autopsy the entire small bowel was gangren- 
ous. and old thrombi were present in the vena cava, splenic vein and hemorrhoidal 
veins. T have seen a rather similar case in a young man at the Vancouver General 
Hos]ntai with thrombosis in the veins of the legs and the cranial ca\dty. A correct 
diagnosis was made by the neurologist. 

There is .a curimis relation between the condition and intraabdominal malignancy, 
usually of the jiancreas, less frequently of the stomach. The great Trousseau 
oiiscrved ;nid recorded the condition in himself when he was dying of carcinoma 
of the ]iancrcas, so that the term Trous.';cau’s synflrome has been fittingly applied 
to the association. This may be due to release of trypsin, which has a thrombn- 
jilastic action, from the disrupted glandular ti.s.sue of the tumor lied (Gore). Even 
.'secondary growths of tlie j)ancreas maj' produce this effect. In about 50 per cent 
of the casc.s the cnnrlition may lie called idiopathic, there being no associated tumor. 
Tiie.se cases may be expected to recover. 


PHLEBOSCLEROSIS 

Tlic condition of phlebo.sclero.sis or phlobofibrosis is not uncommon, although 
st'ldom recognized Ix-causc .seldom looked for.' It does not appear to'be related to 
artcriosclci-osi^, for it occurs at an earlier periofl of life, being commonest in young 
men between twenty and thirty years of age; it is not associated with fatty de- 
generation or calcification; ami it beans no relation to hypertension. It affects 
chiefly tlic vein.s of the logs, where the affected vessels feel like hard mobile cords, 
which may be mi^taken for tendons. There arc no as.sociated s 5 'mptoms. It is a 
di'^-cminated le.-ioti atlecting both superficial and deep veins and is always bi- 
lateral. It has been called endophlcbitis and hyperjilastic phlebitis, but it is a de- 
i;eiieiati\e and nut an infiaminatoiy condition. The affeeted vein i.s thickened 
and the lumen nairowed. The chief microseoiiie change is a marked increase of 
the connectir e ti.-'uo of the media and corresiionding atrophy of the muscle fibers, 
hiaetluT with a le-'cr fibro.sis of flic intima. The innermo.st layer.s of the thi(“kencfl 
intima are hyaline, and the endotlielial lining is mi.<sing. The di.sfinction between 
the co.lt^ of the %e'M'! largely lost, 1 he exact nature of the conrlitinn is uncertain 
and the cause i< ipiite unknown. 


VARICOSE VEINS 


•ri ''tuicoM- \ein is one that is dilated, lengthened, and tortuous. 

1 he three eouuuon sttes are: (1) The veins of the leg, e.specially the internal 
euu-, U’ the lienioiTlnnd.-ii veins (hemorrhoids or piles)- (3) the 
{.hwo- ut the spennatie cord (varieoeele). 
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(■’AUsr.s,— 'J'iicse may he. predisposing anri exciting. An imjiorlinit 
prrdixpos-hifj cause appears to be a congenital and inlierilcd woakne.ss of 
the Avails and valves of tlic veins. The condition may rnn in a family 
hir gcncration.s, and the same vein m;iy ]>e ajiect<'d ea(>]i time. 'Fho rxriiUni 
factor i.s an increase of pre.ssnre in the vein, .and m.aA' he c.ansed in tin’ 
following ways: (1) Central ohstrnetion to the venons rettirn (mitral 
sttmosis, empltysema, cirrhosis of the liver). (2) l’re.'::^iire-of-,a tniiKtr. 
gravid nterns. (u* loaded reetnm. (3) IVolonged standing, ( f) Straining 
and violent nni.scn,lar en'ort. d’he former aggrav.atcs ])ilcs. while the latter 
explains the frcrpicney of varicose veins of the legs in athletes. 

Lksioxs.— The valves give way. iuid tlte vein hecoim's dilated, elongated 
and tortnons. A pitlehoselerosis develops. .-Vt first there i.s hypertrophy 
(h’ the hiedia from increased strain, followed later hy atrophy and rejdace- 
mciit fihro.sis. The intima and adventitia also liecome fibrosed and thick- 
ened. /fhe thickening is irregular, and pouching of the wall occurs in the 
intervals. 'I'hromhosis in these pouches is very common. 


ErmcTs.-— The effects .are felt, by the veins and the tissues which they drain. 
Tleinorrhuge, idilcbitis, and t]\roinlx)sis arc the important venous com])lioations, 
Hemorrliage is coinmnne.sf in tlu; case of piles, where the veins are covered only liy 
mucous mcinhrane (hence the name hemorrhoids). 'Fhore may be hemorrhage from 
(he veins of the leg as the ro.sult of trauma or ulceration of the overlying ti.'-sue. Tin? 
hemorrhage nuiy tie into the tissue or on the surface. Tlic prc.«encc of ulceration 
naturally prcdi.sposo.s to infection and thrombosis. 

The (f.s.si/t.s suffer severely as the result of the varicosity. -There is chronic con- 
gestion and the circulation is greatly interfered witli. Edema is apt to develop, 
proliably as the result of an as.sociated lymphangiti.?, the overlying .skin becomes 
sodden and devitalizerl.and atrophic from pressure, and a varicose ulcer may be 
formed, usually on tlic lower tliird of the log. Tliis tyjie of ulcer i.s likely to ))o very 
chronic, and may heal and break down repeatedly, cauping great di.s.aliility and 
suffering to the jiatient. Tiic skin of the lower jiart of the leg acquires a mahogany- 
brown color, due to pigmentation from repeated small liemonhago.s into the tissues. 
The modern treatment of varico.se veins and varicose ulcor.s has completely changed 
the jireviously rather gloomy outlook. 
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THE NOSE 

Granulomata.“^Iany {iraiiulomatous infections may involve tiie nose, 
init. the only coniinon one is sypliilis. They all show a formation of new 
tissue, followed by necrosis, ulceration, and destruction of the septum. 

.Sviuiiias. —.Syphilis of the nose used to he common. 1 1 may he coneenital 
or acquired, d’he rumjeuUnl form may cause an atroj)hic rhinitis with 
foul-smelling discharge. Or it may destroy the septum, cartilage, and hone 
so that the bridge falls in. giving tlie mddle so cliaracteristic of con- 
genital sy))hilis. 'idie (if(jin'ml tertiary lesion is a gumma which perforates 
the .septum and may destroy the bridge of the nose so as to give the more 
. uncommon “.saddle nose'’ of acquired syphilis, 

Tui5F.ucuLO.sis.— Tuberculosis of tlie nose is rare, aiid is usually a complication 
of pulmonaiy tuberculosis. It is likely to produce an ulcerative lesion of the car- 
tilaginous part of the sei)tum. 

Lki’UOsv. —Leprosy .staids as a nodule which cnlargc.s, undergoes \ilcoration, and 
may cause perforation of the .«eptuin. 

Rmxo.^cLKUO.M.A. -Hhinoscloroina i.sa di.«ea.se of inhabilant.s of Easlorn Euro])e. 
As the name implies, the lesion of the no.^e is peculiarly hard. The cmiditioji coni- 
mences in the nose, but tends to spread to the pharynx. It is at first proliferative 
and then destructive. The characteristic Alikulicz cells and other inicioscojhc 
features are described in Chapter 7. 

CiLANnihis.— Glanders is a vci'v rare infection of the nose in man, although com- 
mon in the Imr.-^e. As usual, there is ])rolifcration followed by destruction. The 
g!.'inde?'.s b.acilli .arc picsont in the .secretion. The b.acteriology and pathological 
lesions are given in Ch.'iptor 7. 

AI.uaGX.-vxT Guaxuloma.— This rare, torrildo and little understood diso.a.se may 
occur at any age. Following a prolonged prodromal |,ioriod characterized by stuffi- 
ness of the nose, an ulcer develops on the nostril or nasal .-eptum whi(di slowly in- 
ci-eases in size until the Ixmcs of the face and the jialatc arc destroyed and death 
ensues from meningitis or bronchoimeumonia. The final picture is one of hideous 
disfigurement of tlie face and erosion of the .skull and large arteries. 

Tiie mioro.scopic le.sions are granulomatous in type with epithelioid cells, giant 
colls and lymjihncytes, but the most striking feature is intense necrosis resembling 
that of an infarct and ]iossibly due to a marked degree of obliterating arteritis wlsich 
accomj)anics the condition. Similar le.sions have been found in the viscera, as well 
as necrotizing arteriolilis and glomci-ulonephritis (AlcCart). In spite of its name, 
which it owes to its relentless progress, there is no mierosenpie evidence of jutdignant 
Jieuplasia. The cause is unknown. pos':i!>iy a virus or a local tissue hypersensitivity. 

TuMOKS.- Tumors of the nasal cavity are usually ])olyj)oid in type. Tlie enm- 
nnuiest form of nas:il i>olyp is nut really .a tumor, but an edematou-' mass of in- 

X luo } 
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flamed and hypertroifliied mucous membrane. It is usually attached to the lateral 
wall near the opening of the antrum of Highmore, and hangs down as a soft mucoid 
globular mass with a well-flefined pedicle. Sometimes a proliferation of mucous 
glands may suggest an adenoma. Carcinoma is uncommon and sarcoma still more 
rare. 


THE LARYNX 


LARYNGITIS 

Infections of the nasopharyn.v will readily spread down and infections 
of tlic bronchi spread up to the larynx. Y'e may recognize the following 
forms of laryngitis: simple, diphtheritic, tuberculous, and syphilitic. 

Simple Laryngitis.— The inflammation is usually acute. It may form 
part of a common cold or may occur in the course of one of the infections 
fevers, especially measles and scarlet fever. Pneumococci, streptococci, 
and ^licrococcus catarrhalis are the commonest organisms. Non-bacterial 
irritants such as .steam and chlorine gas may cause violent inflammation. 
'’J'he lesions are those of acute inflammation of any mucous membrane, 
d'he membrane is .swollen and congested and is covered by mucus poured 
out by the glands. Microscopically it is infiltrated with inflammatory cells. 

Chronic laryngitis may be caused by excessive smoking, chronic alcohol- 
ism, or undue use of the vocal cords. The surface of the mucous membrane 
is dry and covered by small papillary projections. The epithelium is 
thickened and opaque (pachydermia). The submucosa is infiltrated with 
chronic inflammatory cells. In typhoid fever there may be swelling of the 
lymphoid tissue of the larynx, and in rare cases ulceration of the cartilage. 

DiPHTunuriic l.AUYNotTrs. -Diphtheria is primarily a disease of the pharynx, 
i)uf the infection frequently spreads to the larynx. A “false membrane’’ consisting 
of fibrin, lencorytes. and necrotic epithelial cells is formed on the surface, but is 
tinnly attaclicd to the underlying tissue. A membranous type of laryngitis may also 
occur in streptococcal and other .eevere infections. 

Tunr.uen.ovs Labyngitis. This is practically always secondary to pulmonary 
t ulierculosis. It is fortunately not nearly as common as might be c.xpected. Tuber- 
cle.? arc formed in the .?ube[)ithelial tissue. These undergo necrosis, and shallow 
lenticular rdccr.s are formed on the surface. The disease begins in the arytenoid 
reaioii or the v(3cal cords, and may sjrread extensivelj’ so as to involve all other parts 
of the larynx, br entually there may be widcsjrread destruction of the cartilages 
and the epiglottis, a ]ieculiarly distressing condition becau.se food tends to pass 
ik>wn into tlic tiacliea and lungs. 

Sti’uu.iuc 1. M'.YNorris. In the secondary stage there may be catarrh or 
^mu■ou^ patche.-. In the tertiary stage theie is de.struction followed by healing and 
scar formation. Papillary masses of now ti-sue may be formed. The scarring leads 
to di'toition of tlie larynx, stcnosi.s of tlie glottis, aiul a characteristic hoarseness 
of the Voice. 


EDEMA OF THE GLOTTIS 

l.dema oi tlie glottis occurs in the course of an acute inflammation .such 
.IS tiipiit oil ui (ar that caused by the inhalation of steam, irritating ga.se.s, 
lie. h nmy l,c part of aii angioneurotic e<lemu, but seldom form.s part of 
.i ..i 'h c .ui.i.ii' <'r iiaia! edema. I here isyreat swelling of tlie loose tissue 
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IT) the pti.sterior wall of the pharynx, the false vocal cords, etc. The parts 
are very swollen and boggy. 'J'lic edema may develop acutely and may 
entise float h from .sufi'oention. 

TUMORS OF THE LARYNX 

Papilloma. —This is the cnmiiKmest tmufu- of the larynx. It i.s a small 
warty growth composed of loose connective tissue, and usually arises from 
the vocal cords or the anterior cfunmissure. It is common in singers am! 
t)thers who have to use the voice much. The tumor behaves diherently in 
adults and children. Tn the adult it shows a strong teiulency to recur after 
remr)val. and occasionally, though rarely, hecome.s malignant. In the child 
there is also a strong tendency to recur, no matter how radical the removal, 
but the new tumors are often at other .sites in the larynx, and in time there 
is most likely to he spontaneous cure. -In children, therefore, multiple 
recurrent ])apilloma is a benign .self-limited di.sca.se. 

Nodular Fibroma. - This is not uncommon in children. It is a small 
.se.ssile growth cfimpo.sefl of vascular connective tissue. 

Carcinoma.— Cancer of the Iary?ix is esscjitially a male flisf'ase, and often 
shows a definite relation to chronic irritation, such as overuse f>f the voice 
or abuse of tobacco and alcohol. Two forms may be recognized, intrinsic 
and extrinsic. The inirinsic- form constitutes 80 per cent of the eases, and 
arises from the vocal cords, usually the anterior third, d'hc tumor, origina- 
ting from fully difl’erentiated stratified squamous epithelium, often remains 
confined to the larynx for a considerable time, and ofi'ers a good chance of 
recovery after operative removal as well as being quite radiosensitive, d'he 
e.r/rf//.vfe form ari.ses in the pyriform fossa, the aryepiglottic folds, or on the 
e])igiottis itself. It invoh’c.s the hyjmpharynx, invades tlu' .surrounding 
tissue, and gives ri.se to early lymph-node metastases. This is one ffirm of 
hypo])haryngeal carcinoma. Carcinoma of the larynx begins a.s a small 
indurated patch or as a pnjnllary tumor. In the later stage's there is <’n- 
tensive de.struction, ulceration, and .sepsis with the danger of lung absce.'^s 
or inhalation pneumonia. The intrimsic form is epidermoid, the extrinsic 
form usually transitiozial in type. 

Sarcoma.— A rare tumor. 


THE BRONCHI 


BRONCHITIS 

Acute Tracheobronchitis.— .Acute inflammation of the bronchi affects 
(Mther the large bronchi and trachea or tize small bronchioles, d'he latlta- 
condition is associated with pneumonia, while the former oecur.s in a pure 
form wliich may be called tracheobronchitis. 

■ Etiology.— The irritant may be bacterial, mechanical, or toxic, 3'he 
bacteriology of acute bronchitis i.s by no means certain, but it is probable 
that the pneumococcus, micrococcus catarrhalis, slreptoct)ccus. staphylo- 
coccus, and influenza bacillus may at different times be rt‘.sponsible. 'I'hcir 
presence in the sptitum does not prove that they have caused the in flam- 
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mation in the bronchial wall. Acute bronchitis may complicate any of the 
infectious fevers, especially the early stages of tjT^hoid. Dust, steam, 
poisonous gases, and ether may all produce acute tracheobronchitis. 

Lesiox.s.— The mucous membrane of the trachea and large bronchi is 
red, swollen, and covered with a tenacious exudate which may be mucoid 
or purulent. ^Microscopically the mucosa is greatly congested and in- 
filtrated with leucocytes. It is remarkable how often the latter are of 
mononuclear rather than polymorphonuclear tjT?e. The ciliated epi- 
thelium may be desquamated and the mucous glands are distended with 
mucus and show marked catarrhal change. The lumen of the bronchus is 
filled with pus. 

CnaoKic Broxchitis.— Chronic inflammation is a common condition, especially 
in damp climates. But it is seldom or never a primary entity, being rather a com- 
plication of some preexisting ])athological condition which may lie in the heart, the 
nasal sinuses, or the bronchi themselves. 

Chronic heart disease, valwdar or mj-ocardial, is a common cause of chronic 
bronchitis on account of the continued congestion of the bronchial tree which 
weakens the resistance to Inicterial invasion from the nose and throat. The nasal 
sinvses and antrum imiy serve as a constant source of infection, for septic material 
can so readily pass down the trachea and bronchi without ever being suspected. 

Dilatation of the bronchi (Irronchiectasis) is now known to be at the bottom of 
very many cases of chronic lironchitis, thanks to the diagnostic use of lipiodol. 
Tliis subject will be discussed more fully in connection with septic diseases of the 
lung. 

Lesions. The mucous membrane may be swollen and hypertrophic, and bathed 
with mucus or pus. In old cases it may become atrophic, so that the wall has a _ 
reticulated appearance owing to strands of fibrous tissue which remains. Micro- 
scopically all the coats are infiltrated with round cells, but a replacement fibrosis 
which takes the place of the glands, muscle, and cartilage may be the chief feature. 
The ejhthclium is low and cubical, sometimes even flattened. 

FnuuNovs BitoxciiiTis. This is a rare and obscure condition in which the pa- 
tient coughs up bronchial casts at periodic intervals. The casts are composed of 
mucin and ei)ithelium rather than true fibrin. In diphtheria and pneumonia bron- 
chial casts composed largely of fibrin may be formed. 


BRONCHIAL ASTHMA 

'riic chief lesion in true ustluuatics is a marked tliickening of the wall 
of the smaller broiubi. AH the coats are involved, but the muscular tissue 
is hyp('rtroj)hied to a remarkable degree. The mucous glands are swollen 
and active, and the smaller bronchi may be blocked with mucus. During 
an anaphylactic attack the hypertrophied muscle is thrown into severe 
spastu, the lumen is narrowed, and e.xpiration becomes very difficult. 
This difficulty is increased by the narrowing of the lumen caused bv the 
general thickening of the wall and the abundant secretion of mucus.' The 
walls are iufiltvutvd with chyouic inflammatory cells, mostly eosinophils but 
with many lymphocytes. Eosinophils are found in other conditions whore 
hyperseuMtiVeness plays a ])art (infection with animal parasites, skin 
dmea-e, etc.', and their iiresence must indicate <01110 kind of defense reac- 
li.'U. In somr vases inflammatory lesions of the arteries have been observed 
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.siiiiiiar to tliosc of periarteritis nodosa', 'riii.s is not surprising, as hotli 
diseases inive an allergic iias.is. A striking fcatnre in many eases is great 
hyalimi tlnckening of the. hasement inenjhranc of the l>ronohial mucosa. 
Wlien the patient dies in the acute attacks kno^vn as status asthmaticats 
immermis l)ronc]ii may he h]t)cked l>y thick mucus and the mucous glands 
are active and distended ^vitl^ mucus. These plugs of mucus must con- 
tribute greatly to the re.spiratory difficulty and distress, '.riic lung may 
sliow areas of emphy.sema and atelectasis, the former due to the grc;A 
strain on tlie pulmonary tissue during the exj^iratory spasm, the latter (luc 
to absorption of air beyond bronchiole.s blockerl i>y imuais. Elongated 
Cdiareot-Leyflcn crystals are often ])re.sent in the sj)utum. 'I'liey an; b(’- 
li(0'ed to !)e (hadved from the eosinophils, and are also found in the tissues 
in le\d<emia and in the stools in amebic dysentery. 

THE LUNGS 

Descriptivk Outi.ink.— In describing the lungs .attention is paid to the pleura, 
))lcural cavity, king s\ibstancc (color, air content, etc.), bronchi, pulmonary vessels, 
and bronchial lymph nodes. The pleura pre.^'en(s the usual smooth glistening sur- 
face of a .serous membrane. The pleural cavity is nearly dry during life, but an 
apjjreciable amount of serous fluid may collect during a pi'olonged death agony, and 
in cardiac and renal di.sca.se there juay be a remark.able !iccumul;ition (luring the 
last few hours of life. The lungs may be greater in vobmr than normal or they may 
1)0 colla].)sed. The U'dyht of the right lung is 350 to 550 grams, that of the left lung 
325 to 450 grams. The icxlurc i.s soft and pillowy. Owing to its air content it 
crepitate.s when pre.spod bet ween the finger and thumb, and floats in water. Tlie.^e 
]M’ 0 ))ertic,s arc lost when the air has been squeezed out of the lung by jjres.sure from 
without or has been roplacod by inflammatory exudate or edema. The aj)ex should 
be inspected for the ))uckerod scar of healed tuberculo.?is. The color depends on the 
amount of blood in the lung and on the amount of carbon pigment which has been 
inhaled. In the child the lung i.s of a uniform pink color, while in the adult it is a 
d.ark .date-gray and .shows varying degrees of pigmentation. The plcur.al lymphaf icNS 
contain carbon, and tluis outline in black the ))olygonal lol^ules which give the 
surface a mo.saic a]q)earance. On the cut surface the jngmentation follows the lines 
t)f the sejda, the bronchi, and the arteries, and blackens any patches of scar tissue 
which may be ])rcsent. In actual juacticc it is rare to find a lung that- is perfectly 
normal throughout in color and consistence, because during the last hours of life 
blood tends to collect in the loose ))ulmonary tissue, and even after death blood 
gravitates to the de})cndent jiavt of the lung, rendering it darker and firmer than 
normal. The hroiK-hi are opened, their wall inspected foi- inflammation or tumor, 
and any contents noted. The pulmonary vessels tire opened and examined for throm- 
bi or emboli. Finally the condition of the bronchial lymph nodes is noted, 

LOBAR PNEUMONIA 

Pncmnoiiia signifies an inflammatory consolidation of the lung. When 
it is dilVnse it is called lobar pneumonia ; when nodular in type it is known 
as bronchopneumonia. Pneumonias may also be classiflccl on a bacterio- 
logical basis according to the infecting organism. I.o})ar prunnnonia is a 
much more clcar-cut pathological entity with constant etiology than is 
bronchopneumonia. 



Etiology.— In over 95 per cent of cases the infecting organism is the 
pneumococcus. In the few remaining cases it is Fnedlan^r>__ pneumo- 
haenTus, "which produces a characteristic slimy U-pe of exudate. _ 

It is now believed by many observers that allergy plays an important 
part in the pathogenesis of pneumonia. Certain it is that the age period 
af winch the. disease is most prevalehris that at which there is a high level 
of humoral inimunity. Clinical observations also suggest that previous 
infections of the respiratory tract may sensitize the lungs so that pneumonia 
may be the result of a subsequent infection. 

Pmlispo.nvg factors lower the resistance of the patient and allow the 
organisms to pass from the upper to the lower respiratory tract. The 
be.st recognized of these are profound fatigue, chill, injury to the chest, 
severe fractures, debilitating diseases, and chronic alcoholism. 

Route of Ixfkctiox.— Pneumococci reach the pulmonary alveoli via 
the bronchial tree. The organisms pass in the inflammatory fluid from one 
alveolus to another through the interalveolar pores of Cohn. Thus the 
wave of infection sweeps throughout an entire lobe, but is often limited 
to that lobe. Spread of infection along the bronchial tree under the control 
of gravity is also of primary importance. Direction of spread depends on 
the bodily attitude of the sick person or animal. The capsidar polysac-j, 
charide contains an edema-producing substance which. can be extracted;! 
It is natural, therefore, that the first feature of the exudate should be a 
marked inflammatory edema. 

'I'lie mechanism by which the pneumococci are destroyed has been 
demonstrated in a remarkably beautiful series of ex-periments by Barry 
^Vood and his associates. The all-important element is the leucocyte, 
mainly jiolymorphonuclear, but macrophage in the later stages. The 
orgiinisms are carried outward by the advancing flood of edema fluid, 
I)ursued in turn by the leucocytes. If the tortoise is to catch up with the 
hare the puce of the latter must be slowed down. This may be eft’ected by 
means of specific antibodies which cause agglutination of the pneumococci 
or by the bacteriostatic action of the sulphonamides and antibiotics. 
When the leucocytes have overtaken the pneumococci they pin them against 
the walls of the alveolar sacs, and only then are they able to engulf them. 


Symptoms. —Tlie elinieal manifestations of lobar pneumonia are parth' local, 
partly ',rem'ral. The former are pain in the chest made wonselry breathing, signs of 
cinwolidution of the lung (dullness on percussion, blowing breathing, increased vocal 
ficuiitus and resoiuiiue), moist rales during the period of rc-solution, and blood- 
stained sputum. The general symirtom.s are fever, dysjmea, evidence of severe 
t<i\emia, and a inai ked leueocytosis. After a course of seven or eight days the ill- 
lu-.-' suddenly terminates by cri.sis. Owing to the therai)eutic revolution wrought 
by ainiiiiotics it is seldom that the physician sees now the ))icture just described. 

Lu-u>rt^. 1 he es^mtial pathological feature is an out-pouring of an inflammatory 
cxuds.te into the alveoli in respon.se to the irritation produced by the pneumococci, 
idvei.h are filled by this exudate, the air is disjdaced, and the lung or part of it 
cenveiU-d into a solid and idrless organ. This process is known as consolidation 
..ep.-.ti/.diou became th.e lung become.s like the liver (hepar) in consistence. Four 
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de.'criptive purposes; conge.stion, red hepatization, grav 
and resn.ution, but these are really of very little importance. What 
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is important is to rcalii^e that the process is a propressivo one connnencinc at the 
hilnF and svvecpini: out to the pcripliery, involving one or more iol>es and sometimes 
ijoth lungs. It follou's tliat one ]);trt of the lung may he at one stage while anf)(her 
j^art is at .nnothcr. The stage of the ]')roces? can be determined by noting the fresh- 
ness or the reverse of the exudate. 



Fjg. 203 , Lobar pneumonia. The upper lobe is completely consolidated, being in a .'^tnic 
of grav hepatization. The lower lobe, only part of wliicli is .‘■■hown, is not involved. 


T'he gross (ippcaraiicr is ^•e^y chtiractcristic (Fig. 203). In the nntrentctl 
case by the end of tlie second day the affected part, of, the. lung Js consoli- 
dated,' red, and sinks in water. It is friable, and the ettt surface is rough 
and gratndar like red granite. T.ater H i.s gniy and inpister. ^'he piettral 
.surface is covered with a fibrinous exudate and the bronchial node.s are 
enlarged. 

The microscopic picture also depends much on the stage tif the proce.ss. 
At the beginning tlic capillaries arc congested, ;md the ttlveoH arc filled 
with edema fluid containing grctit numbers of piieumoc-occi (Fig. 204). 
Soon fibrin is formed and polymorphomiclears apiicar in great numbers, 
together with red cells tind a few lyrnphocyte.s. All the elements tire slmrp ; 
and distinct (Fig. 205). Later in_ the., jtrocess 
sharpness is blurred and lost ovdngj o„Oie.acti(uv of proteolytic 
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the red cells are mere ghosts, the threads of fibrin become clumped, and the 
pneumococci disappear. The pplymorphonuclears are replaced by_ macro- 
pliages which-arc now the active cells (Robertson and Uhley). These 
appear to be derived from the lymphocytes and monocytes of the alveolar 
exudate-fToosli). On the <rthcr hand silver impregnation shows tbat the 
alveolar walls contain cells bearing a close resemblance to the microglia of 
the brain and the cells of the reticuloendothial system (^Marshall). At 
least some of the macrophages may arise from these cells. In the final 
stage known as rcsobifion the softened exudate is completely removed, 
partly by coughing, partly by transportation by phagocytes to lymph 
nodes, and partly by solution and absorption. By these means the con- 
solidated lung is rapidly restored to normal. 



Fig. 20-}.— Ixjbar pneumonia, early 
stable. The alveoli, which arc crowitecl 
with pneumococci, contain edema 
fluid hm no leucocYie.-i X ISOO. 


The Relation of Syaiptoms to 
Lesions. — The physical signs are easily 
explained by the pathological findings. 
The diilncss, blowing breathing, in- 
creased vocal fremitus and resonance 
are caused by a conversion of the lung 
into a solid organ which conducts 
sounds from the large bronchi to the 
chest wall with the greatest readiness. 
The moist rides heard during resolu- 
tion are caused by the liquefied ex- 
udate in the bronchioles. The pain is 
due to pleurisy. It is an early symp- 
tom, because the pneumococci reach the 
surface long before consolidation has be- 
come complete. The sputum is rusty in 
color because it contains broken-down 
red cells. If there is much alveolar 
hemorrhage the siiutum will contain 
bright blood. The sputum is very ten- 
acious and stringy owing to its highly 
fibrinous character. The blood shows a 
high leucocytosis owing to the extensive 
character of the leucocytic exudate. 
Blood c-ulture may bo positive, but it 
is a sign of ill-omen except in the 
are going to recover the pneumococci usually 


earliest stagca. In cases wiiich 
-''iiin disappear from t!\c blood. 

I'hc r< spiratorii disiurbrums {dyspnea, rajnd shallow breathing, and in the more 
-I'vciv cases cyanosis) cannot be explained merely by the exudate in the lung, for 
du'Y may be maiVieil even though the jmlmonavy lesion is quite limited. They' a)>- 
pear to i)e bound up with the condition of lowered oxygen saturation of the arterial 
blood known as uiui.w /aiVi. the imiex of which i.s cyanosis. The means by which the 
auov-’uia is jiro'lucod is not certain. 

C oMci.icAiioNs. Oryniiizntion of the inflammatory exudate may occasionally 
occur. It become- chanacd from fibrin into fibrous tissue. The strange thing is 
that thus .,!oes not liapi,en more frequently. Usually resolution occurs in time and 
th.c exudate luelts away before fibrobla,?ts have time to invade it. When organiza- 
t hi.!,, blasts i-q,, theextnlato from certain point.s of the alveolar wall. 
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(>.':j)ecKiily the unples, mid thc,=e arc poon followed liy ra])il!;5rics which later (ii<- 
ajipenr. Loim ptrandp of fibrous Uppuc arc formed which travetx' the alveoli, often 
paspiiui from o?i(' alvcfilus to another throiijih what- aj»j)ear to he op'minss in the 
walls (I'is;. 20G). 'i’lie on<I-reMil1 n! these cluumes i^ (n convert the Inns into a 
dense elastic structure. .-\s it is fiesliy in consistence the process is known as 
rariiiftcniion. 

Pulmonary fiiirosis secondary to imcumonia is seen more frequently than for- 
merly. Tills may be nttrihiited to two factors; the succes':ful use of antibiotics and 
an increase in virus jineumonia (Auerliaek, ft «/.). Botli tlie eliuical and tlie 
pathologies'll jiieture of pneumoniti are undergoing a change. 



Fig. 205. —Lobar pneumonia. The alveoli are filled with an acme tihiinou''! cxuiiate. 

X 100. 



Fm. 200.— Oriianization of a pnctimonia exudate. .\ strand of fibrous ti^sue p;i<sc> 
through .an opening in the alveolar wall. X hoO. 
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Suppuration and abscess formation are not common, and are due either to a \'erj' 
^•irulent infection or to poor resistance on the part of the patient. The alveolar 
walls are broken down and the exudate becomes purulent. It must be under- 
stood that although the exudate in lobar pneumonia may consist largely of poly- 
morphonuclear leucocytes, this is not pus, and, as a rule, there is no suppuration, 
f.f„ breaking-down of ti.ssuc. Empyema may develop, but this is not common 
except in children, though a frequent comjdication of streptococcal pneumonia. 
.‘Spread of the infection may also cause pericarditis. As a result of pneumococcal 
seirticemia there may be endocarditis, meningitis, and arthritis. 


BRONCHOPNEUMONIA 

'I'iiis condition, also called lobular pneumonia on account of its patchy 
diaracter, is not a definite entity like lobar pneumonia. As a secondary 

condition complicating and often 


terminating other diseases it is 
extremely common. Indeed in 
hospital autopsies it is seldom 
that some degree of broncho- 
pneumonia cannot be demon- 
strated. As a primary di sease 
it occurs principally i n childhood 
and old age. The susceptibility 
of the child may be due to poor 
expulsive power, to the delicate 
mucosa, or to the short wide 
bronchial tree. The pn eumo - 
nias follo wing me asles, whooping 
coug h and other infectious feve^ 
are Bronchopneumonic in type; 
so also are the postoperative and 
terminal pneumonias. It is usual- 
ly due to-streptqcpccij but pneu- 
mpcoeci, staphylococci and in- 
fluenza , bacilli may be the 
predominant organisms. 

'riiere is a 'patchy consolida- 
tion of both lungs, a lobular 
pneumonia which can often be 
lilt biarer than M*en. Sometimes the patches fuse together, giving 
a coniluent Jiiquehojjneuiuuiiia which may simulate loltar pneumonia. 
1 ollap^ed areas, dark ])urple in color and dejjressed below the surface, 
are seen on the outside of the lung especially in children. The 
"‘hapva i> eatr^ed b\ the bronchioles becoming filled with secretion, so that 
the air cannot enter the lobule; the iinjtrisoned air in the alveoli is then 
ab>i,ivbe<l and the lobule becomes collapsed. ’^Ihe colhipsed, areas arc 
>\inonnded by eini)iiysematous''bulhu, a compensatory arrangement. A 
ti\iu libriiiou- exudate covers the surface. On the cut surface the patchy 
elianicter o! t lie lesions is very evident, areas of consolidation idternating 
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with arcns <»f collapse, of cinpliyscnui ami of normal iim*: tissue. 'I’he 
pat(.‘liiness can i>e seen oveu better witii tlie naked eye in a .stained section. 
'File consolidated areas arc tlnai seen to lie pronped aroiiml stnall bron- 
chioles. The brone ltial l.vin|di node.sare enlarced and soft. 

MierDS'cnpiraUy tiiere is an inteiTse inflaihiiiatioiT of the bronchial wall, 
the lumen of which is filled with pu.s and de.sqnamated epithelium. There 
is more of a bronchiolitis in .strejittieoecal jmeumonin than in the lobar 
form. 'File bronchiole is surrounded by a rinf: of alveoli filled with an 
inllammatory exudate con.si.stinp mainly of jiolymorplionnclear }eneocyte.s 
with a moderate amount of fibrin (,1'ig. 207). Farther out the alveoli 
contain monomuilear cells and edematous fluid. The consolidated areas 
alternate with areas of congestion, collap.se, and emjihysema. 

UeciuyynyJ,sj»fjeii.np.tj,p,inpl<’t<*. d’he waj^ls <if thc 2 j)ll>uehi are daniagcib 
grannlation ti.ssne is formed followed by filiro.si.s, and penminent bron- 
ddt'.cdasis inay result. Moreover tlnu'c is no distinct crisis, and absorjition 
of the exudate tends to be delayed so that organization may oeem*. In 
the.se respects the disease differ.s from lobar pTewhimua ^\duch i.i* a more 
satisfactory and honest type of infection and one easier to treat. 

INFLUENZAL PNEUMONIA 

Tlie general jiroblein of influenza and the question of its bacteriology liavc al- 
ready been discussed in Chapter 7. The eonelusion arrived at there wa,«: that in- 
f lnc nza is d uo to a (ilter-passing virus jissisted. by„]hicilhis„in,fluen,zax and other 
organisin.s. One of the grcate.st difiicnltie.s is to di.stinguish between the ie.sions of a 
pure infection and those due to .secondary invaders. The influcu^i virus lowers tlai 
re,sistane.eJ.o...such ,a .degree that .secoiulary..infcctioO-uxHuehzii., baeillus,.. strciito- 
CPcjcjiiS, .pneumocoeeus) occurs with groat readine.ss. It is the,=c invaders which 
produce the jincuiuouie con.solidafiou, .•dthough certain fiindaniental feature.s of the 
lesions, common to all the form.s, may be attrilmted to the .action of the virus. 

Symiwoms. -Th(; most characteristic symphirns of influenza are lirqfouiul jiros- 
tratiqn, a dry hacking cough, and leu.uoucnja in jilace of the usual leucocy{<isis of 
acute infections. In addition, in the more .severe cases with piiimonary complica- 
tions thcre nv.n; lie cyipnosij. dyQinea, watery blood-stained sputum,. pleurisj:,,j;.ind 
not inh'equontjy enipycm , 

Lksioxs.. - Tt is diflicult to .speak with confidence of the Ie.sions of a imre influenzal 
infta'lion, because the numi)er of cases on record in which infiuenzci virus has licen 
tlemonstrated at autopsy and the pathological change,? described is incredibly 
small, and in fewer still have there been no bacterial invad(M-s. I'rom the y:ork of 
P.arker and his as.<oi;iates the es.^ential feature.s ap]iear to lie hen K)r rh ti <d c. ci f(» ma 
together with a small amount of tllirinjn the alveolar .‘spaces and (lu; formation of a 
hyaline membrane Ihhng TheTbaHilaiy'w^nrs. ’'ThV’lesioi^ indeeil, are minimal. 
Tl)c almost universal occurrence of secondary bacterial infection gives rise not only 
to jinenmonia but also to the necrotizing lironchitb anti bronchutlitis so fretiuentiy 
,‘;eeiK Tlie trachea and bronelii are intensely congested, anti the ciliated epifltelinm 
is desquiunaied (Fig. 20S), thus ojienim: tlie way tfi .^eeondttry invaders. 'I'iie 
alveolar walls are thickened and infiltrated with lymphocytes and mononucie.ar 
cells. The brontbiolo.s arcjilled with pus, their walls,aredamage<i,. and thcre.may 
be subsetjuent tlil.atatiqn anti lironchiectasis. 

The imeumonic lung varies in appc.aranre, hut the lesions ;ire constantly bi- 
lateral. At the height of an epitlemic. and sometimes in sporadit* e.ases, the lungs 
arc voluminous, covered by n thin lil'rinous exudate, and of a idvid rotf color with 
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splashes of a dusky purple. From the cut surface pours a bloody watery fluid due to 
a hcmoiThagic edema which is the outstanding feature of the condition. In a 
marked ca.se a correct diagno.sis can be made at a glance. The lung is heavy, but 
without the firm consolidation of lobar pneumonia or the nodular consolidation of 
bronchopneumonia. The most marked feature of the microscopic picturejs edema, 
fluid_filling the alveoli, with numerous red blood cells but few leucocytes and no 
fibfin. The alveoli may occasionally be lined by a hyaline membrane ajrparently 
derived from the albuminous fluid within the alveolar sjraces. In interepidemic 
periods the jucture is less dramatic, I nit hemorrhagic edema is still the c haracteristic 
lesion. At the beginning of an epidemic, before secondary invaders have attained 
n high virulence, a nodular ]3eribronchial interstitial pneumonitis may be the dom- 
inant lesion. Inflammatory cells niay fill the alveoli as well as bronchial wall and 
interstitial tissue, so that small nodular lesions are i)roduced which may resemble 
miliary tubercles. . 



Fig. 208.— Traclioa in influenz.a De.>quamation of cintbeVuim, congestion of mucosa, 
and infiltration with inflammatory cells. X 800. 


Inv. HeuwioN or isYMinoMs to Lksions.- -The dry, hacking cough is due to 
the acute trttcheitis anil bronchitis. Cyanosis and dys])ne!i tire jirobtibly tine to 
intevfevence with the exchange of gases in the alveoli, tliis in turn being eatised by 
the copiou- outpouring of fluid. The watery, frothy, hemorrhagie sputum merely 
re\'Vesen1- tin external tijiijearance of the hemorrhagie edema of the lungs. The 
ptofoiiud \ir(i-tratiou, the most striking of all the symptoms of true intlnenza, is 
due to the geuei'id toxemia. So also is the Zenker tlegeneration of mtisele and other 
'■hanges of a general character whieh are not disen.ssed in thi.s jdace. 


OTHER FORMS OF PNEXIMOKIA 

\inis Pneumonia.- Fueuinoniu. or rather inienuiujiitis, may occur in :i 
Iiunibcr of \irus di-eases. The more important of tliese an- Jnflnen'/.a, 
P'.tt.iiMv’s. .\mu.diait fever, and the so-c-alled primary utyjiiea! 




OTtiKH FORMS OF PXFVMOMA 




^jnonin. 'J'hc great clifienMicc h(-t\veen vims inf(;cli(»ns of the lung and i>a(- 
tcJnal piu.aunoinas is that in tin' former the dlh^'LJesipn is an interstitial 
infiatnmation, as evid eticed hy iynjjthoeytie and iiumonnelear infiltration 
(if the \valispfjl)(yhrpnehi( lies anti tii e h mg fra m ework with a varying degrta^ 
of JL]yealar...edejna, wliercas in tlie ii acttT ial ])neuinonias tlie eellular and 

( ihrinoiis ( sviidato. eieenpi(!.s the alveobr spaces._ 

Primari/ aiypirnl ptiruimwia, often referred to speeifieally as virus 
pneuinonitis. is a- new arrival in the infections field. Tlie infta-tion causes 
an ae\Jtc infiannnation of the nuieons ineiniirajies of the ipiper resjiiratory 
tract, occasionally extending to the trachea and hronchi and in a few cases 
to the hronchioles and lungs. The morbidity is high, but the mortality 
low. d'he physical signs are largely negative, but there is roejitgen-ray 
evidence of a patchy, jH-defined consolidiition, seldom invohdng more 
than a portion of a lolax ' Hie course is nsn ally mild, lasting two or three 
weeks, and a fatal ontcome is rare. Inocnlation of all the laboratory ani- 
mals proved negative, but Weir and llor.sfall found that in the mongoose 
a imenmonifi was ))roduecd which was bacteriologically sterile, 'i'his 
jmlmonary lesion was marked by e.Ktensive edema of the alvtadi and alveolar 
walls, together with small numbers of mononuclear cells. ddu!,y;.ir.ns. js 
illtdily_pr/)))ag;jteci,p.n th(;.,(horio-allantpi(; ni.«^’^h)nun^)_Qhe^(hu‘kjanln;y^^^ 
In new-born children a form of ej)idemic pneumonia has ajg)eared which 
is a])parentiy due to a virus. It is highly contagious, the. mortality is high, 

* > J > d .cytopl asmic i iielus i oj^i bodi es ; i re p rese n t_] n ,.0 ko.> icdu jlLt’l ti 111 tlU lUn . 

Ilobertson and Alorlc have challenged the conec])t that primary atyiiical 
pneumonia is a virus disease. They helieye it J.() bejt s^ 
imcinnpnia due to the aspiration orinuciis or pus from tlie uyiper respiratory 
t ract. 'jTiey point out tlfat the dhe'cmistinit ix'idu feature is anatomic 

localization to bronchopulmonary s.egm ents, wi th fan-like shadows in the 
mi ddle a nd lowerJllbes. th at id entical lesions follow the aspiration of blood , 
that the illness begins as an upper respiratory infection, that symptoms 
often develop after severe phy.sieal ex'crcise during smh an infection with 
rajiid or gasping breathing prcdisjio.sing to aspiration, and that there is no 
real evidence in support of a specific ymemno-tropic virus. 


Pf^iila rosis ( psiltakof^. parrot), is a virus pneumonitis of bird.s and man of high 
morfaiity, which is doscrnKkl on page 1S2. 

0 fmr, which derives its name from liaving licer. fir.«t descrihed in Queensland, 
.\ustralin. in 1037, is c.auscd.by.a.riekettsiaj is carrie d hv rod ents,..‘vnclls.j;!Ji:gad Iw 
ticks .....The remarkable feature of the disease, which is wid esy wead throughout the 
worl d.. isJhejibscnce of auy correlation between the jiathologicad lesions in tlie lung 
and the cjuncal picture, which is that of a t yphoid-like fj[a^t_e. Tliere i.s a definite 
pneumonitis, witii soft jiatchy ie.sions in the .r-niy filTmhura comiiietc ah.sence of 
rcs]iiratory symptoms. Unlike jjsittacosis, the mortality is very low. The patlin- 
logical lesions are .similar to those of iirimary atypical })neumonia, n;unc!v_nmno.- 
nuclcar infiltration of the hronchial walls with .ed.cina ..aniljnfiainn.tlijjir y cel ls in t he 
lumen of the l>ronchi and aTveoli. 

yircosAu RnsrnuToiiY 8vN'nuoMi:.--Thi.s dc.scrijitive term, suggested by 
8tany(.m and Warner, has been ayiplicd to a condition characterized hy inflamm a- 
lory li'.sion s of mucous membrane.^, .skin and lu ng, and caused almost ccrtainlx Iw a 
vitU£,_Tr.he condition is .‘:omcfimes referred to as the Stevons-Johnson .''-yndrome. 
The nnu'ous membrane.^ involved are t hose of the month, (‘onjunctiv.a, and geni tal 
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tract ! -i-.— xii:- - .■:-i . ; ' nd \nthin a 

few hoi ■' ■ ■ ■ - . deers. The 

hinss are consolidated bv wliat is evidently a virus pneumonia, mth gr eat edema . 
ITTarm^li; rw~---rr-rTi-- , ...i-i-nv . r olthc 

alvcolarlj. ■ , ■ ' ■ ■ ■ . ' infiltrtxtiQn of the 

brondiiaf walls. In some cases there arc crvthcm atops_Qr.hemorrhagic- lesions of 
the .«kin. 

PosTOPKn.vTivK T>\-F,iTwnyrr\.— Aspiration na£umom'o.-js~due to aspiration o f 
septic material during an operation; thcrc''is more danger of this during general 
anestlicsia, but it may occur under a local anest hetic. Operations on the mouthjind 
tonsils arc the chief danger. Suppuration and abscess formation are common. The 
iiacteriology is naturally’%'cry varied. A miralion of-Rtomach contenfe as the resul t 
of terminal vomiting jiroduccs a characteristic postm ortem pi ctur e. Both lungs 
!iro of .a rliriy dark color, o f soTt'almdst huishv consistence, and hav e a sour, a_cid 
smell. The condition is of cour.«e not pneumonia but postmortem digestion. 

The work of Yandcll Henderson, Coryllos, and others suggests that atclcdam- 
mav be an important factor in the production of postoperative jmeumonia and 
jinssibly in other forms of imcumonia, especially in the new-born. When a jiatient 
lies on his back after a general anesthetic the bronchial tree tends to become filled 
with secretion so that the bronchioles are blocked. The free drainage by which the 
lung is ke])t in an asejitic condition is interfered with, the air distal to the obstruc- 
tion is absorbed, the corres\)onding lobules collapse, and in the occluded area a mild 
lineumonia is likely to develop. 

TmiMiN.\L PNm:MONi.\. Pneumonia may be found at autopsy as a termination 
of a chronic illness in which there is no hint of fever to suggest a pneumonic process. 
The consolidation is usually patchy in character and basal in distribution, so that 
it is often called hypostatic pneumonia. Hemorrhage and edema (hypostatic, 
congestion) arc common terminal conditions in the dejicndcnt jiarts of the lung and 
are often tissociated with terminal pneumonia. The inflammation is a mild one, 
and is due to the growth of organisms of low virulence in devitalized ti.s.sucs rather 
than to invasion by virulent organisms. The IxictcriologA* is of a very mixed de- 
scrii)tion. The alveoli are filled with mononuclear cells together with a few poly- 
inorphonuclears, red blood colls, and much edematous fluid. There is a notable 
absence of tibrin, nor is there usually any pleurisy (hence the absence of pain). 

S'lArini.ococcAi. P.m;i'.munia. This is an uncommon form of primary imeu- 
monia. The onset is often abrupt with chills, high remittent fever, and signs and 
symptoms first of bronchopneumonia and later of lung absce.ss. The sjmtum is 
yellowish, highly lairulcnt, odorle.s.s, and swarming with st.ajdndococci. The 
lesions ari' bronchoiineumonic, ileveloping later into multiple ab.sce.-.sc.s. The dl.^casc 
nc.iy appear in ejiidemic form with a high mortality. 

I’XLVMoNiA IN TUi: 'Xv.w-nouN. Pneumonia is a common cause of stilllnrth. 
Tlie infection, aciiuiicd in ukro, may be due to inhalation of amniotic fluid or may 
po-sibly be caused by maternal infection. Many stillborn children show evidenci' 
of aspiration of amniotic fluid without definite pneumonia. Farbcr points out that 
the most important contents of tl\is fluid are corniflofl desciuamated epithelial cell.-' 
from the skin of the fetus and vernix caseosii which is rich in fat and fatty .aeids. In ' 
tlie aheoli th.e desquanuited epidermal <‘cl!s take the form of long wavv Mrur- 
t'lros with pointed ends. The vernix easeosa w pres.sed tightly against the Walls of 
the aheoli and bionchiole.- us the result of inspiratory efforts bv the child, and 
K.-cmbles the infhinmiatciry ‘'hyaline membrane" of influenzal pneumonia wliich 
IS ’..e-m,d Hum ulburmuous intrasmlmonary fluid in very much the same wav 
. 1 u. -d.i ) . 1 VC! mx membrane .<tams ted w ith eo.dn, and red with scharlaeh R 

\vi fro:.!:!', — t'oiis i.iwma to hs fattv nature. 


OTHKR FORMS OF RXEIWOMa 


as'j 

CnKMU'Ah PNrX'MOKiA.--Durin" World War I poi?(»n an? oflcn )>rociurC(i nculo 
pulmonary kvlons irmclt like* tlio?r; of innumizal jmomnnnia. Thrrr «■'!?! the J^anic 
at'uto hemnrrbayic crloma, and thr. iiadiculf; wore off on liforally drownod in fheir own 
fiuids. If IIh; patient rocovovod ilio Inn^p wore jiormanontly flamayod and Hahlo to 
rocurriny infoclions. 

LnHtin Pkoa'monia.- Thi? form demnto? an inflammatory comlition of tho lumr 
oauKod by tlio presonoo in tiio alveoli of animal or mineral oil. It may develop when 
the tliroat ha?-: been repeatedly sprayed witli mineral oils, liquid petrolatum, etc,, 
esj)eeially in children. The. habitual forced suiministratiou of cod-liver oil in chil- 
dren is another cause. It. is important, to realize that lijrht nil.^ can jiass with ea.S(> 



Fig. 209.— Hyaline membrane in Fig. 210.— Oil pneumonia; )dia»o- 

pneumonia of ihc now-bnni. X oOO. cyte.< filled with alobule-. X -toO. 


from the uiijjer re.si>iratory pas.sau:e,s to the luuirs. The condition is much commoner 
than has been suspected, the incidence havint: increased p:rcatly since the e.vistence 
of the lesion was fir.-;! demonstrated by biujihlon in 1025. This is due to the wide- 
s)M'cad habit of .«elf-meflicalion Iw the public who so frecpicntly use oily spray.s or 
dro])S for upiier rcsiiiratory infections. Animal oils, particularly cod-liver oil. are 
hiyhly irritatins. Liquid petrolatum, althousih less acutely dama'j;in<,^, produces 
severe chronic ciTect.s, as it lead.s to the formation of reticulum fibers, yiant cells, 
and finally extensive fibrosis. In the a:r<'ss the affected areas are iiray or yellow ami 
moderaloiy firm, jwojectinji slightly above the. pleural surface. The patches bia-ome 
firmer and' urayisli-whitc, and may be mistaken for tumor metastases. The alveoli 
are filled with* luryc i)haj:ocytic cells (lipopliaees) distended with droplets of oil, 
■iivinc: a hiphly charaetcristic microscoi>ic. i»icture (Pip:. 210). It must fie pointed 
out. tiiat macrophapes filled with lipid may tie present in the alveoli apart from true 
!i]i(nd imenmonia. They are seen in pmlmonavy tuberculosis, chronic supjniratinu, 
and in the vicinity of larpc infarcts. In such cases the lipid must, be of endogenous 
rather than exopenous oripin. It is jiossilde that some of the fat has been trans- 
ported from the fiver, because much of tiie fat in a grossly fatty liver xnaki'S its way 
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into the veins. Liquid petrolatum stains -nuth scarlet red but does not reduce 
osmic acifl, whereas cod-liver oil reduces osmic acid, and the came is true of vegetable 
oil.s. In the later .stages fibrosis is marked, and giant-cell formation is common. 
The disease occurs at the two ends of life, and the adult form is characterized by a 
dense fibrosis which is often so clearly localized that it may be mistaken for a 
neoplasm (paraffinoma of lung) . 

liiiTL'En’s PxnmmNiA.— The condition usually known as Loffler’s sj-ndrome, 
first described in 1932, is characterized by a mild clinical course, marked cosino- 
philia, and transitory pulmonary lesions which jwesent a remarkable and alarming 
picture in the x-ray films. Little is known about the pathological lesions, because 
the patient seldom dies. In a careful study by Bayley, Lindberg and Baggenstoss, 
the following changes were observed. Scattered throughout the lungs were focal 
areas of consolidation. Some of these consisted of fibrous tissue with an inter- 
mingling of great numbers of eosinophilic leucocytes, whilst others presented a 
granulomatous picture with epithelioid cells, numerous eosinophils, and fibrinoid 
degeneration of collagen. Widcsiwcad vascular lesions were present, in particular 
a necrotizing arteritis similar to that seen in periarteritis nodosa. In the bronchi 
thei'c was marked hypertrophj' of the muscle and extensive eosinophilic infiltration, 
lesions identical with those of bronchial asthma. The entire picture is strongly 
suggestive of an allergic reaction. The allergic agent may not be the same in everj- 
instance. In some cases the larvae of Ascaris lumbricoides which migrate through 
the lungs may be responsible, whilst in others the antigen responsible may be pol- 
lens or bacteria. 

Gi.^kt-ceu. P.veumonia.— This condition, first described by Hecht in 1910, is 
an interstitial pneumonitis of infants and young children characterized by the 
presence of large multinucleatcd giant cells. It has been suggested by Chown that 
it is a manifestation of \-itaniin A deficiency. Pinkerton and his associates describe 
cell inclusions, both cyto])lasmic and intranuclear, in several ca.«es, and iioint out 
the close resemblance of the lesions to those of dog distemper. For this reason they 
believe the condition to be due to infection by a nrus, possibly closely rekated to 
that of distemiicr. It is possible that the cellular disturbance produced by the \'irus 
may render inqwssible adequate utilization of vitamin A. 

Radi.^tion Pneumonitis.— When the chest is exposed to rejieated doses of 
therapeutic radiation reactive changes may occur in the lungs. The alveolar 
lining cells enlarge, and some become very hj-jjcrtrophic and bizarre-like tumor 
giant cells. The bronchial einthelium shows similar but le.ss extreme changes. The 
elastic tissue is ruptured and reduplicated. The alveoli may be lined by a Imiline 
membrane similar to that seen in epidemic influenza and in the new-born. The 
triad of epithelial hyperplasia, changes in the elastic tissue, and hyaline membrane 
lining the alveoli is iiathognomonic. Injury to the tissues niaj' lead to infection 
followed by fibntsis. 


Buonchioutis I'lnnosA Odliteu.vns. — This uncommon condition mat’ be con- 
sidered here, althougli it is not a true pneumonia. Bronchiolitis may be the 
result of the inlc.dation of irritating gases, may occur in the course of the infective 
fevers, or may be apparently idiopatliic. Tlie wall of the laonchiole may be exten- 
sively damaged, a fibrinous exudate forms in the necrotic wall and in the lumen; 
this b(comi>s oiganized by filiroblasts and capillaries, .so that first granulation 
ti-'-ue a!id later deiwe connective tissue rejrlace the bronchiole and its lumen. The 
;*.!\e<‘li ale t‘r>!hip-cd ai\d may Ixf iuvolveti in the fibrosis. The gross a[)pearan(“e of 
oMitcUituig bionciiiolitis is tliat of numerous miliary nodules scattered through the 
lung. The clm.ii a! pwtuu- is what might I.k? expcete<l: an acute jjh.ase witli m.arked 
dyspnea and cyanosis-, a short intenuWion; a final return of tlie dyspnea and 
cyai.o-;.- ii! cuh.er an acuti* or a more slowly jjrogre.ssing form. 
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The long-continued inlialation of certain irritating diists may cause 
a chronic interstitial pneumonia known as pneumoconiosis (/ro?n>, dust). 
31)6 outcome of these dust disease.^ is entirely dependent on the presence 
and amount of .silica in the rlust. 31)e dangerous pneumoconioses are 
sili(,‘ 0 .sis and ashestosis, both of which may be disalding or fatal. Anthraeo- 
sis, a conditon caused by the uihalation of carbon in coal dust, is harmless 
in comparison. 

Silicosis.— vSilcosis is the most widc.sprcad, the most serious, and the 
fdde.st of all occupational diseases. Silicon (Si) is the most widely distrib- 
uted element in nature. The silicates merely give rise to a foreign body 
reaction, but silica (SiOs), like 
asbesto.s, causes a progressive 
productive reaction ending in 
fibrosis and associated with 
marked impairment of pulmon- 
ary function. This condition, 
known as silico.sis, is the most 
important of the dust diseases, 
and ]irovidcs a serious hazard in 
the gold-mining industry in cer- 
tain districts such as the South 
African Rand and northern 
Ontario. The worker is in great 
danger, but men mining any 
type of ore arc liable to develop 
silicosis. If, in coal mining, hard 
rock has to be drilled through, 
coal miners may also sufl’er. Other 
occupations in which there is 
danger are tin-mining, .stone- 
working, metal-grinding and sand- 
blasting- In all of these cases 
dust containing fine particles of 
silica may be inhaled over long 
penods of time. 

yThc particles of silica are taken up from the bronchioles, the epithelium 
■of which is not ciliated, by phagocytes Avhieh carry^tli.cm.tpjhe.tinyjyuiph- 
oid aggregations in the alveolar sejUa. 3’hc cell containing the silica under- 
goes changes similar to those seen in tuberculosis. The cytoplasin inCTcascs 
in amount and comes to contain lipoid droplets, whilst the nucleus m:\\- 
divide rcpcatedlyV soThat ISfiTgliai^^^ cell may be fonneci- 
When silica is injected .subcutaneously it produces necro.sis, and the .slow 
reaction in the lung results partly in necrosis but to a much greater degree 
in fibrosis. Both tlic rate and the extent of the fibrosis arc in inverse pro- 
portion to tin,' size of the silica particles. Previous di.seasc procpssas. such 
as pneunnmia, which may cause scaiTing of the delicate alvenlar walls 



Fig. 211.— Fet.'ilization of alveolar liiiinii. 
X 100. 
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and lymphoid collections Avill facilitate the arrest of the particles and pre- 
dispok to the production of silicosis. In this and in other fibroid conditions 
of the Iun|r the alveolar lining cells become cuboidal so that the alveoli 
assume a gland-like appearance like that of the early fetal lung, and the 
condition is, therefore, known as fetalization of the alveolar lining (F ig. 211). 
This transformation is probably due to loss of respiratory function. The 
basic process is proliferation of reticidar fibers, which later become trans- 
formed into collagen. 3110 clastic fibers disappear completely. The fibrosis 
is at first patchy, corrcsimnding to the deposits of silica in minute lymph 
follicles adjacent to the terminal bronchiole.s, and takes the form of “sili- 
cotic nodules’’ (Fig. 212), composed of concentric layers of fibrous tissue 



Fig 212 —Silicosis showing characteristic fibrous nodules. X 13. 


and readily palpated in tl\e lung. These nodules gradually coalesce, anti 
the fibrosis becomes widespread. In extreme cases the lung becomes stony 
hard, aiul in vine instance I had to saw the lung in two. When the lesions 
are prodncetl by pure silictt dust, as in gold miners and sand blasters, the 
noduie.s iiave the clean-cut laminated, onion-like character described above. 
Uiieii, honever, as is frequently the case, the silica is mixed with other 
du-^ts, as in granite workers and anthracite coal miners, an interstitial 
filirosi-; is aikled, and tongue-like projections extend from the nodules into 
the surrevinding ti'^sue. iMoreover dust inclusions arc commonly seen when 
the leTuui is dm,' to mixed dusts; these are seldom present in cases of pure 
^!lieu^i^. Fmpliysema is a common consequence of the extensive fibrosis, 
Uio^^ marked, as a rule, at the base. The lymph n,odes at the root of the 
nine ate .ona!!, liard and fibrosed, with fihrohlasts arranged in a character- 
ntieally whorkd manner. The pleura is thickened and adhesions tire 
o.nmmn, due to deposits of silica in tlie subjileurai lymphatics. The 
tmutv.iir.i! ea]-':ieitY oi the lungs is greatly interfered with, :md the chief 
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^yin])toin is nuirked dyspnea. The necrotizing actiun of tlie silica nmy 
lead to destruction and cavitation, but these changes arc usually due to 
an ac<!ompnnying tuberculosis. 

Most silicot.ics die of tuberculosis because the presence of silica in tiic 
fi.ssncs favor.s the gro-^\th of tubercle bacilli to an a.stonishing degree. The 
Ic.sions of silicosis and tuberculosis are at bottom essentially similar. As 
(Gardner remarks, it is strange that a simple inorganic compound like 
silicon dio.xide can give rise to the same cellular reactions as the tubercle 
bacillus with its proteins, carbohydrates and lipids. 

The radioloffical appearance is of great irai)ortance, because it forms the 
basis for the clinical diagnosis. The earliest change is an incrca.se in the 
normal reticulation of the lung. The specific appearance, however, is that 
of clean-cut nodiilc.s scattered widely tliroughout botli lungs, but in cases 
due to mixed dusts the outline of the nodules is much more hazy. When 
calcium is deposited in the nodnle.s they stand out still more .sharply. Wlicn 
tuberculous infection is added the nodules develop a fluffy outline, increase 
in size, and eventually coaic.see to form large shadows; this is in contra.st 
to pure silicotic lesions which may remain discrete for years. 

.Silicotic lesions arc not confined to the lung. Silica may occasionally 
be carried to the liver and spleen, where it causes necrosis and fibrosis 
(Lynch). 

.\XTimACOSLs.— A varying amount of coal dust is found in even,* lung at autoi)sy, 
and is usually of no significance. By itself coal dust apjicars to produce no harmful 
effect. In coal miners, however, it may give rise to the form of pneumoconiosis 
known as anthracosis. It does so because of the admixture of a certain amount of 
silica. In this mixed form the ch.aracteristic lesion i.s (hid-reticnlation (Belt), with 
corre.sjwnding fine net-like shadows (reticulation) in the roentgen-ray picture. 
D»ist-retic\ilation is scattered diffusely throughout the lungs, forming a lace-like 
pattern along the b-mphatic pathways and depots in whicii dust-laden macrophages 
are entrapped. The appearance of innumerable dust-ridden cobwebs is due to the 
formation of fine argentophil reticulum fillers; there is none of the collagen formation 
so characteristic of pure silicosis. The bronchial lymph nodes are masses of coal 
dust- In more advanced ca.ses, which may be termed anthraco-silicosis, there may 
be voduhtion, the formation of tiny nodule.s from 2 to 5 mm, in diameter. Finally 
there may be con flucjU fibrosis, a patchy confluence of the prenous lesions. All of 
1,116.50 features are due to the prc.?encc of the silica rather than the coal dust. Em- 
jihysema may be marked, due ]icrhaps to destruction of the ela,stic tissue. Belt 
rcmark.s that the collier’s lung is in a verj’ real sense his occupational log book; it 
retains a qualitative and an indelible record of the mineral particles breathed during 
life. 

Pui.MOXARY Ast}b.stosts. — This condition is due to the inhalation of asbestos 
flust which may contain over 30 per cent of silica. The di.sea.se is acquired either 
during the cru.shing of asbestos rock or in the process of carding the asbestos. Tt'i 
lung shows the airless and fibrosed condition found in silicosis, and on the cut , 
face there arc areas of caseation with ca^ity formation. The characteristic m: -o- 
scopio foatwrc, in addition to a large amount of silica dust, is the presence of i.irge 
angular jiartidcs wliich arc probably fragments of asbestos fibers, and curious 
golden-yellow bodies with a globular end and segmented body (Fig, 2! .; ) The 
latter structures, wiiich may be culled asbestos bodies, are pathognoiuoiiie of the 
condition, but theii- e.xact nature is not understood. 
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BER'iTjU'GM Pnetjmomtis. — A modem industrial hazard is the pneumonitis pro- 
duced bv bervllium, used principally in the manufacture of fluorescent lamps and 
also in o'tbcr industries. Tlie illness may be acute, with recovery when the worker 
i« removed from exposure to the irritant. More important is delayed berj 
noimninc, the sx-mptoms appearing months or a year or two after exposure.^ The 
lesions hike the 'form of granulomatoas nodules, and resemble those of sarcoidosis. 
Conchoidal bodies similar to those seen in sarcoidosis are often present either in 
the giant cells or the granuloma. The hilar nodes are also involved. The end stage 
is e.xtensive fibrosis, causing severe dyspnea and eventually right heart failure. The 
incidence among workers in a plant is low, the distribution spotty, and there is 
lack of rclatioiishij) between the .severity of the disease and the degree of exposure. 
Direct and obvious cxiiosurc is apparently not necessary, for persons living near a 
bcr.vlHum plant but not 



Fu; 213 -A^be.'-tos body Fig. 214.— Bauxite fibrosis. X 210. 

.diowina glotnilar cuds and (Kindness of Dr. .]. P. tVyatt.) 

scginciued appcanince. (.Spec- 
imen of Dr. ,1. lb Pritclwrd.) 


H.xvxitk Fiiiv.osm. -Quite differeirt from the other pneumoconioses are the 
Icfions produced by the dust of bauxite, an alumina abrasive. There is a diffuse 
fibi\i-is with none of the nodularity so characteristic of silicosis (Fig- 


214 ). Large emphysematous billin' form a striking feature, and pneumothorax is a 
cnmmi'u consequence. Dyspnea is e.xtreme, and the progre.ss is rapid and fatal, 
(.hacuni; Pxr.VMocoNio.sis.— Graphite or plumbago i.s a crystalline form of 


e;ir:. m w!ii,-h is extcn.-ively msed in the manufacture of lubricants, electric batteries, 
k-.. ’: pa-.ciha f-te. Persons engaged in mining or grinding gra])bite appear to be ex- 
p .-v ! !•' the eH-atC't (i’;-t hazard. The lung show.s a granulomatous reaction, with 


of rdeioi., ne'-io-is and caseation. A.steroifi im-lusions may be prc.sent in the 

I'.'.l'laTo'.is gi;!!ll I'i-ll' 
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PuiJsiON.M!v FimtosTs or Unckjitaix XATriir.-'Ofcnsinna! r.-ise? are eneonn- 
Icred by every ]7atholo}iist in which Ihcrc is more or less extensive interstitin! 
filjrosis without any satisfactory explanation. Tliey may he assoeiatetl with a 
marked decree of eomi)ensatory emjjhyFcma. Home of these cases may represimt 
healed disseminated miliary tuberculosis infected from an e.xtra-jnilmonary source. 
In other.s there may have been a previous xdnis infection which damagc'd the 
puhnonuTy framework. Hammnn and Rich report 4 cases of acAiU' inter.^titia! 
fibrosis of the lung.s in wliich the patholoffical procc.s.s was evident i_v rapid with 
ac(!ompanyin|f right-sided heart failure. Belt clcscribes fatid ])uimonary fibrosis 
due to industri.'d cxiiosure to radium over a period of two years. It is probalde 
that there are other still unsusjiccted etiological agents. In my own experience one 
of the important conditions which may be responsible for what has been well named 
idiojiathic. pulmonary fibrosis is sarcoidosis, which may give rise to extensive, dis- 
al.iling and finally fatal fibrosis. Sarcoidosis may be overlooked. Lymphatic ob- 
struction, whether due to inflammation or tumor, may be followed by extensive 
fibrosis. A long list of causes of jmlnionary fibrosis will be found in Mallory’s 
excellent paper, but there still remains the occasional ''idiopathic’' ca.co of uncertain 
nature to puzzle the pathologist. 


SUPPUEATIVE CONDITIONS OF THE LUNG 

Sepdje cHsense.s form along with thm^ meumo nias an d tu berculosis tlu* 
great trio of pnlmonary infections. Many eases of supposed tuberculosis 
in which tiibei^clnK‘ihi”crair4Tcvcr be found in the .s])uturn belong to this 
grouj). The use of the J.)i'pudioscopci-and of Jipioj:lplJu,.thc_iiiYcstigatioj) 
of the bronchial tree has served as a great stimulus to the study of these 
diseases. The chief of these sc})tic or suppurative conditions are absee-s.s, 
gangrene, and bronchiect asis. ' 

Abscess and Gangrene.— There is no sharp line to be drawn lietween 
a])scess and gangrene of the lung. The former is a suppurative condition 
more or less circumscribed, while the latter is putrefactive and tends to be 
diffuse. 

Etiology.— T he cases may be diYided into three groups: the inhalation, 
the embolic, and the pneumonic, depending on the method of causation. 

1. The inhalaiion group is far the largest and most important. Ahsee.ss 
of the lung is a constant threat in ojierations on the mouth, nose, and throat. 
Tonsillectomy being the commonest operation is most often c:om])lieated 
hy pulmonary sepsis, hut this may happen with the removal of adenoids, 
operations on the nose, and the removal of teeth, and it may follow a local 
as well as a general anc.sthetic. The chief feature of the bacteriology of the 
inhalation group is its mixed character. This is in contrast to embolic 
abscesses or those due to staphylococcal ])neumonia in which eases there is 
often only one infecting organism. The abscess is commoner in the right 
lung, perhaps because this lung has a liiore vertical hronchns. Foreign 
hodic.s may pa-ss down tlie bronchial tree and give rise to absce.s.s formation, 
especinlly in children. Septic material from the nasal jinuscs, food regur- 
gitated during general anesthesia, etc., may ])ass down the bronchial tree 
and cause an aliscess. These foreign body absec.sses mn.st lie distingiii.shed 
sharply from other forms, because, if the foreign body can bo removed by 
means of the bronchoscope the prognosis is remarkably favorable. A 
metallic foreign body tends to cause hyperplasia ratlicr than liqnefiictinn 



THE RESPIRATORY SYSTEM 


39 (; 

of tissue, <ind when it is reinoved a complete cure maj result. 2. The 
cmholk iiroup is caused by particles of a septic thrombus being carried to 
the lungs. As these particles are numerous the abscesses are nearly always 
multiple. 3. The pncvvwmc group is usually streptococcal. In lobar 
(pneumococcal) pneumonia it is very rare for the consolidated area to de- 
velop into an abscess, 

3’hcre remains a miscellaneous group where infection may spread from 
a neighboring organ, c. g., the esophagus, the vertebral column, or froni 
below the diaphragm. Bronchiectatie abscesses form a group which will 
be considered separately. 

SvMi>TOMS.— The chief clinical manifestations of abscess of the lung are (1) cough 
and copious expectoration of pus, (2) foul breath and sputum, (3) elastic tissue in 
the .sputum, (4) dulness on percu.ssion. The signs of gangrene are the same as those 
of abscess, and often the two conditions are combined. 

Lesions.— Abscess is commoner in the right lung, and is as frequent in 
the uj)per lobe as in the lower. The lesion is at first a solid mass of yellow 
inflammatory tissue, but as liquefaction occurs a cavity is formed filled 
with ])us. 3'his cavity may be of any size, from the smallest to the largest. 
'I'he wall is ragged and necrotic, but in the more chronic forms a. wall of 
fibrous tissue is built up and the lining becomes smooth. Owing to the 
cl(ise reliitionship in the pulmonary lobule between the bronchus and blood- 
\esscls thrombosis is frequent, and this leads to extensive necrosis. The 
ab.sccss is usually single at first, but secondary abscesses may occur at any 
time due to aspiration of infected material into other segments. The 
inhalation abscess is likely to communicate with a bronchus, the embolic 
abscess is not. Because the abscess is in the periphery of the lung the 
communicating bronchus is always small, rarely exceeding 2 to 3 mm. in 
diameter. A chronic abscess may show cpithelialization of its wall from 
the bronchus. The inicrnmrjyic nppenrance is that of an acute abscess with 
dense infiltration of polymorphonuclear leucocytes and a varying number 
of mononuclear phagocytes. The alveolar walls are destroyed, whereas 
in ]>neumonia they are preser\-ed. As the condition becomes chronic 
fibroblasts multiply, and a wall of fibrous tissue is built up around the 
absc'ess. 


The odor of the contents depends largely on whether the lesion i.s a .suppurative 
or a gangrenous one. In an abscess uncomplicated by gangrene the contents may be 
inotTensive. but when gangrene sui>crvenes the smell is horril)le. This is due to de- 
I'omprt.^ition of the proteins by sai)roi)hytc.s, of which tlie most abundant are 
and/nsiYorw bacilli, which are found in the content.s of the cavitv, in tlie 
^initnin, and in sections of the lung. Tliey are largely resiionsible for the necro.sis. 
1 hcM‘ organisms are secondary invaflers from the mouth, where they oiaair in con- 
iicction witii carious teeth ajid jnairrhea. 

Ou/ cr,/,, may \k' precedeil by absco.-s formation or may be the primary con- 
ilUion owing tfi the aspiration of heavily infected niaterial. In debilitated persons 
imcumonm may t n\-iwx‘ gangrenous. Soft green areas are formed, and these break 
With the jiruiiuction of ragged cavities filled with foul-smelling stuiT. Bloorl- 
tr.iM-i'ir.!: the cavity nmy be ofiened, .sometimes with fatal hemorrhage. 
( mi-.gft r.!- < ! the himg is likely to l)e rapidly fatal. 
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Tin: Ki:i,atiox of Si*mftoms to Lksions.—Pus !n:iy he nxpcf^toratod in large 
;unonnt, but this depcntis on whether the nbscess eornniunieatcs with n brnnrlnis. 
Such n eoitminniention exists in bronchiectasis, in an inhalation abscess, and when 
an abscess hursts into a bronclius. If the abscess can be drained by means of the 
bronchoscope nr twen by effective coughing it may l>econio healed. In an cinbfdi^- 
abscess there is no coinnuinication with a bronchus, .so that no pus is expectorated. 
Tiie may he very characteristic, thick, purulent, yellowish-green in color, 

and often very abundant. Elaslic listutc in tlie sputum indicates de.struction of the 
lung. P/enrw/ is common,, because the abscess is often subjileural in jmsition. 
Empiicmn may be caused by rujhure of the abscess into the plenral cavity. Brain 
a/)scm is a common complication due to sci)tic einbolism. Two curious ))oints 
sliould be noted; (1) that the cerebral abscess is often single, .and (2) the nearly in- 
variable absence of abscesses in the other organs. It is ])roi,)al)le that the route of 
infection is by the vertebral series of veins described by Batson and others. 

Bronchiectasis.— A dilutation of llu' bronchi, either local or general 
is known as bronchiectasis. Stagnation of the bronchial contents follows 
tlm, dilatation, with resulting infection and anj)puration. Minor degrees 
of. the condition arc coininon, altbougli often mis.secl clinically nnle.as 
lipiodol is used. 

Etioj.ocjy.— Tlie two main factors are infection and broncliial olistrnc- 
tioii. Tlie infccfio}! can.scs chronic inflammation of the Imoncliial walls 
with destruction of the mmseulo-cdastie. .tissue resulting in dilatation of the 
])aft of the bronchial tree Avhose wails are damaged; the ])athogcncsis is 
the same as that of aortic aneurism. The dilatation favors acenmnlation 
of .secretion with added infection and further injury to tlic i)roncln*al wail. 
Tlicro may be a p]i\’siological l)lock <lnc to paralysis of the cilia from in- 
fection or metaplasia f)f the columnar ejntlielinm into a squamous tyj)e, 
thus interfering with tlu' normal mechanism for the. removal of secretion 
(Eobinsoii). A marked obliteratiiig endarteritis may still further lower the 
resistance of the hroncliial walls. In young children the proce.ss tends to 
he more acute, so that the fir.st lesion is an ulcerative bronchitis with second- 
ary destruction of the hronehiul wall (Erh). 

The acute infection, commonly occurring in childhood, may he measles 
or whooping cough, and ocea.sio.nally influenza or pneumonia. The actual 
on.sot of .symptoms is insidious, and is not usluTcd in by any acute illness. 
Neither gross ni)jmr resjnratory tract infection nor chronic bronchitis is a 
common cause of bronchiectasis. Spirilla and fusiform bacilli are frecjiiently 
found in the walls of the dilated bronehi. but it seems more probable that 
th( •.sc are secondary invaders than jm'mary etiological agents. 

Ob.tirueiioii of the bronchi leads to aceunmlation and stagnation of 
secretion, infection and weakening of the bronchial wall. The ohstruetion 
may he due to carcinoma, a foreign body, or pre.ssurc from without In- 
am'urism, etc. 

The pathogenesis of bronchiectasis is more involved, obscure and controversial 
than the foregoing account would indicate. .Ns Mallory f)oint.s: out, a agcitf 

is seldom sufficient to produre the condition. In his opinion bronchial inflammation 
in combination with atelectasis or pneumonitis cvill account for mo.st of the features 
of the disease. 

Lustoxs.- Bronchiectasis may be diliuse (cylindrical form) or loeahVa 
(sncctilar form). The former is the more common (Fig. 2 Jt 
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of tissue, and when it is removed a complete cure may result. 2. The 
embolic qrmip is caused by particles of a septic thrombus being carried to 
the lungs. As these particles are numerous the abscesses are nearly always 
multiple. 3. The pneumonic group is usually streptococcal. In lobar 
(pneumococcal) pneumonia it is very rare for the consolidated area to de- 
velop into an abscess. 

lliere remains a miscellaneous group where infection may spread from 
a neighboring organ, c. g., the esophagus, the vertebral column, or from 
below the diaphragm. Bronchicctatic abscesses form a group which will 
be c-onsidcred separately. 

Sv.MPTOus.— -Tlie chief clinical manifestations of abscess of the lung are (1) cough 
and co)uous exjjcctoration of pus, (2) foul breath and sputum, (3) clastic tissue in 
the sputum, (4) dulness on percussion. The signs of gangrene are the same as those 
of abscess, and often the two conditions are combined. 

Li:sions.— Abscess is commoner in the right lung, and is as frequent in 
the upper lobe as in the lower. The lesion is at first a solid mass of yellow 
inflammatory tissue, but as liquefaction occurs a cavity is formed filled 
with pus. This cavity may be of any size, from the smallest to the largest, 
'riie wall is ragged and necrotic, but in the more chronic forms a wall of 
fibrous tissue is built up and the lining becomes smooth. Owing to the 
close relationship in the pulmonary lobule between the bronchus and blood- 
\essels thrombosis is frequent, and this leads to extensive necrosis. The 
abscess is usually single at first, but secondary abscesses may occur at any 
time line to asj)iration of infected material into other segments. The 
inhalation abscess is likely to communicate with a bronchus, the embolic 
abscess is not. Because the abscess is in the periphery of the lung the 
conumuu'cating bronchus is always small, rarely exceeding 2 to 3 mm. in 
diameter. A chronic abscess may show cpithelialization of its wall from 
die lironehus. The microscopic appearance is that of an acute abscess with 
<lense infiltration of polymorphonuclear leucocytes and a varying number 
<if mononuclear phagocytes. The alveolar walls are destroyed, whereas 
in pneumonia they are preserved. As the condition becomes chronic 
fibroblasts multiply, and a wall of fibrous tissue is built up around the 
abscess. 


The odor of the contents depends largely on whether the lesion is a suppurative 
<<v u gangrenous one. In an abscess uncomplicated by gangrene tlie t;nntents may be 
iuofU‘nsive, hut when gangrene sujiervenes the smell is horrible. This is due to de- 
louipiK-ition of the ])roteins by saiirojjhyte.s, of which the most abumhint are 
.'ptro' /,'?. aud/usi/onn fcanhi, which are found in the contents of the cavity, in the 
^putum, ;ind in sections of the lung. They are largely responsible for the nei'ri'.sis. 
1 hcve <itg:uii-ms are secondary invaders from tiie mouth, where tliey occur in con- 
With Carious teeth and pvorrhea. 

Ot.o m may he preceiled hy ahsecss formation or may l)e the primary eon- 
.ni; .11 ouina to the aspiration of licavily infected material. In debilitated persons 
a. ! U.-,m.o!ua uiay Us'ume g:m,grenou.s. Soft green areas are foriiied, and these break 
oov.ii wuh the )i;o.luctioii of ragged eavities filled with foul-smelling stuff. Hlood- 
trave'viijr th.e cavity may }:>e oldened, sometimes with fatal hernorrh.-ige. 
< sauiu t..- i t tlo' I'U'.a bkely to In? rapidly fatal. 
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'l iih Relation of Samptoms to Lesions. — Pus innv i)c expectorated in larne 
anioimt, but this dcj)ends on whether tlie abscess rominunicalcs with a lirojuhu^ 
Such a conununication exists in Iwonchiectasis, in an inhalation abscess, and when 
an abscess bursts into a bronchus. If the abscess can be drained by means of tiie 
lironchoscope or even by effective coughing it may become healed. ' In an embolic 
abscess there is no communication with a bronchus, so that no ]ms is expectorated. 
The njnihnn may be very characteristic, thick, ))urulent, yellowish-green in color, 
and often very abundant. Elastic tissue in the sputum indicates destruction of the 
lung. Pleurisy is common,, because the abscess is often suiijdeural in ])ositinn. 
Empyema may be caused by ruidure of the abscess into the ideural ciivity. Brav} 
abscess is a common complication due to septic embolism. Two curious points 
.‘should be noted; (1) that the cereiiral absce.-s is often single, and (2) the nearly in- 
variable absence of abscesses in the other organs. It is probable that the route of 
infection is by the vertebral series of veins described by Batson .and others. 


BTonchiectasis. — A dilutatloii of the bronchi, either local or gimcra) 
is known as lironchiectasis. Stagnation of tlie bronchial contents follows 
the dilatation, with resulting infection and suppuration. iMinor degrees 
of. the condition arc common, although often missed clinically unless 
li])iodol is used. 

Etiology. —The two main factors are infection and bronchial ob.strue- 
tion. The ivjcciinn causes chronic inflammatif>n of the bronchial wails 
with destruction of the musculo-elastic tissue resulting in dilatation of the 
part of the bronchial tree Avhose walls are damaged; the ])athogene.si.s is 
the same as that of aortic aneurism. The dilatation favors accumulation 
of secretion with added infection and further injury to the Imuichial wall, 
'rherc may be a physiological block- due. to ])aralysis of the cilia from in- 
fection or metaplasia of the columnar epithelium into a s(|uamous tyiie. 
thus interfering with the normal mechanism for the removal of .secretion 
(Robinson). A marked obliteratiiig endarteritis may still further lower tlu' 
resistance, of the bronchial walls. In young children the ])rocess tends to 
be more acute, so that the first lesion is an ulcerative bronchitis with second- 
ary destruction of the bronchial wall (Erb). 

The acute infection, commonly occurring in childhood, may be measles 
or whooping cough, and occasionally infliieu'/.a or pneumonia. The actual 
onset of syinptoms is insidious, and is not ushered in by any acute illness, 
Xeither gross upper re.sjiiratory tract infection nor chronic bronchitis is a 
common cause of bronchiecta.sis. Spirilla and fusiform l)acilli are frecpiently 
found in the walls of the dilated bronchi, but it seems more proliable that 
these are secondary invaders than ])riinary etiological :igents. 

Ohsiriiciion of the bronchi leads to accumulation and stagnation of 
secretion, infection and weakening of the bronchial wail. 3 he obhtruction 
may be, due to carcinoma, a foreign body, or pressure from without by 
aneurism, etc. 

The pathogenesis of bronchiectasis is more involved, ob.scure .and contnr, er.-i.al 
than the foregoing account would indicate. As Alallory points out, a single agent 
is seldom sufficient to produce the condition. In hi.s opinion bronchial mnainmation 
in combination with atelectasis or pneumonitis will account for most of the feature.^ 
of the disease. 

LKsiONS.~Bronchiecta.sis may be difiu.se (cylindrical fornV) or localised 
(saccular form). The former is the more common (Fig. Llo). It is 
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usually bilateral, but it is rather remarkable that quite often it is unilateral. 
For .«ome nnknoAvn reason the left lung is more often involved than the 
right, and the lower lobes more often than the upper owing to stasis. Only 
one lobe mav be affected. The size of the cavity depends on the size of the 
bronchus. It is filled with pus which stagnates there oAving to insufficient 
drainage, and still further weakens the Avail of the bronchus. T-he mucosa 
is hypertrophic and may form tumor-like, highly A'ascular papillary masses. 
Later there may be atrophy. The microscopic oppcarcmcc is similar to that 
of chronic abscess. The Avail of the bronchus and the surrounding tissue 

is infiltrated Avith chronic inflammatory 
ceils. The mucosa may be hypertrophic 
or atrophic, and in advanced cases the 
muscle, glands, elastic tissue, and eA-en 
the cartilage may be replaced by fibrous 
tissue (Fig. 216). The most significant 
lesion is the destruction of the bronchial 
musculature and elastic tissue, for it is 
these Avhich Aveaken the Avail and alloAV 
the dilatation to occur. Septic thrombosis 
may occur Avith embolism and the for- 
mation of a secondary brain abscess. 



LieboAv and his associates have shown by 
preparing casts of the vessels by the Ainylitc 
corrosion technic that a remarkable enlarge- 
ment of the bronchial .arteries occurs and that 
a rich ;inastomosis with the pulmonary arteries 
develops. So great is this enlargement and an- 
astomosis that they estimate that more than 
a liter of blood jjcr minute flows through this 
collateral rimilation, which m.ay well Inu-e 
some physiological importance for it tends to 
produce pulmonary hyiiertension. 

Thk Relation of Syaiftoms to Lesions. 
—The chief symptom is due to the chief 
lesion, the patient bringing up large quantities 
of pus at infrequent intervals, often when he 
<lKuigos position (postural coughing due to the pus coming in contact with 
a new and more sensitive part of tlie bronchial wall) or on awakening in 
tin- mciniim:. Diuiug tlie intervals the pus is accumulating. The character of the 
pH- iuis -.ilrcady lavii described in connection with Abscess. llrmorrJiape {hnno- 
ms' i- comuum. occurring in 50 per cent of the case.s, and is due to the liighlv 


I'lG 215. — Bronchiectasis. 
The l)nmchi show marked cylin- 
ilnca! ililalanoii 


ra.s.'ul ir ii.ip.Uary masses of mucosa which may line the cavity or to erosion of 
U'.—cis tlauugh the <-avity. Lipiodol introduced into the iuunehial tree 

oHtiuic- with U‘autiful distinctiu's.s the kironchial dilatations in a roentgen-ray 
i'U t'!M-. c.i.id liu.^ -erred to show the bronchicctatic nature of many cases ofsuppo.se(i 
t '.’.r 1 ^ ' eulosi - a!!i5 ehiD’iic bronchitis, 

/ t h'NV-i N! ] .] ]p.,, 

J . 

! Pv vd ich. may 1 .e cubical ami cilia.led or fiatte 


Ncuir-ym.-is.-'J'hm larc condition i> often called cou/jacital 
"Us ia cln’drou. Ihe luna is occupied l.iy cyst.s of A'arr'iiig sixi' 

lied. The condition 


i a, lonceiiUid dilatation of th.e small bronchioles. 


The bronclii dewlop 




Trii(:Rni:i()sL<. < 

as meso<lermal buds wlucb bfcoine ransi 
some point, but docs occu'- '.ilstad to tluit i 
lined ,by broncbud cpitl-.oiiiiui win t/ji .SP'T 
may be single or multiple, 'juall or larg";, 
dyspnea and cyariosls due ro rupture of a 
spontaneous pneumotb.ora\ One of 
IkTIULOBAE irUQL'ESTi: \ riON,--T!iis i: 
consisting^of hvo elemerJ'- ■ 1) an an<.!i}::l 
ehVstic puhnonary, artery ■ "d jiot a. musrv 
aorta (‘lose to the diaplir;m:o and enters t: 
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Tuberculosis of the lungs is the commonest of all forms of tuberculosis, 
partly because by whatever route the bacilli enter the body they pass v.k 
the fymphatics to the venous blood stream and thus reach the lungs, 
partly because the lungs are especially exposed to direct infection. In the 
adult the infection is acquired by .inhalation. The inhaled material may be 
infected dust or infected droplets of sputum. Children may place infected 
material in the mouth and this may be inhaled into the bronchioles and 
alveoli. The disease is now being seen more often in old people than 
formerly. At least that is true of British Columbia and Alberta in Canada. 

Idle incuhalion period in so chronic a disease. as pulmonary tuberculosi.s 
is difficult to determine, but it may be much shorter than anticipated as 
the following case in my own experience illustrates. A young man’s 
tuberculin test was negative on June 25th. On July 12th he commenced 
animal experiments involving the use of living tubercle bacilli. On August 
Sth he developed general symptoms suggestive of infection and slight 
pain in the chest on breathing. On August 24th the tuberculin test was 
positive, on September 4th the roentgen-ray film was positive, and on 
October 1 7th the sputum contained tubercle bacilli. 

Infection may spread from the original focus by the lymphatics, air 
passages, and blood stream. 

]. Lymphatic spread is of special importance in the primary form. The 
lympiiaties are perivascular and peribronchial and so are the lesions, 
which form a staphyloid group of tubercles around a central artery or 
iironehus. Such groups are often seen in the neighborhood of a caseous 
area. Oiu' of the tubercles may break through the wall of the bronchus or 
artery and ruj)turo into its lumen causing a bronchial or blood spread of 
the infection. 

2. Bronchial spread may occur when a focus opens into a bronchus 
(Fig. 21 7), and during the later stages infected material must be continually 
inhaled from one part of the lung to another, setting up fresh areas of 
broncho-pneumonia. The massive forms of tuberculosis such as tuber- 


culous caseous pneumonia are mainly due to this bronchogenic spread. 

llcmaiogennas spread is caused by rupture of a focus into a blood- 
vessel, usually a vein. 'I'lns may cause miliary tuberculosis of the lungs us 
well as throughout the rest of the body. 

The question of primary and secondary infection (reinfection) and the 
relation of age to the type of lesion are closely connected. It is customary 
to speak of the childliootl and adult types of infection, but it is time that 
these terms arc given up. 4'lie primary complex, i. c., the reaction in tissues 
not sensitized ti> tul)creulo-protein, used to develojt in nearlv everv child, 
hut now in many places not more thaji 10 or 1,5 per cent of children develop 
the infmiun, as shown liy the tuberculin test. More primary infection 
now dcvcUqts in adults than in children, and it is equally h;irmle.ss in the 
great majonty of cases. Primary infection is characterized bv the Ghot! 
Icston, .swn in its active form in the child, in its healed (calcified) form in 
t!\c adult, ihc stwiidary lesions of reinfection show a great varietv of 
typ-.'s, depending on the .dze of do.se and the degree to which allergv or 
imummty happens to dominate the picture. The distinction between tlicsc 
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two processes has already In'en insisted on in the general disenssion of 
tnliercnlosis. 


>Sy5n’TO.MS. — The syn)j)toniR of pulmonary’ tuberculosis arc both general ami 
local. The chief gennal syin])t.oms are fever, loss of weight, asthenia, night sweats, 
and-ancmia. Among the local symj)toms arc cough, expectoration, licmopty.^^is 
(spitting of blood), and pain in the side. There are phvsicol fiigm of cnnsf)lidatif»'n of 


the lung .‘ukI cavity formation. 



Fig. 217 


A. Priraarj' Infection.— The pri- 
mary le.sion i.s a .small caseous foeu.s, 
seldom more than 1 ein. in di- 
ameter, n.suaily tliough not always 
single, and .situated in any part oftlie 
lung. Tn this it eonirastssharjdy with 



Fig. 217. —Tubercle rupturing into a bronchus. X G5. 

Fig. 21S.— Active Ghon lesion. There is a subpleural caseous lesion in the lower lobe. 
The lymph node.s at tlie bilu.s are enlarged and cascou'^. Miliaiy tubercles ore .‘•cattcred 
(brougli the lung, especially in the lower lobe, yome of the upi)or lobe has been re- 
moved. l^eath wa.s due to general miliary tuberculo.-^is. 


the secondary lesion which nearly tilways nmkes its first appearance ttt the 
apex. The primary lesion may he in the lower lobe and is often at the 
pcriplter.t' of the hiiig (l^ig. 218). 'f'he ca.seous center bcc-oinp .surround(‘d 
with a fibrous capstde. Calcification and sometimes os.sific:Uion oeenr, 
and the liealed le.sion is represented by a small sctir or calcified nodule. 
Foci in the regional lymph nodes also become encapsulated and wdeified. 
but.somc caseons material nsutdly persists and may harbor viable ttibc-rcle 
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bacilli for many years. Sp read o ccurs primarily along the lymphatics, 
so that the regiqnaDympluipd^^areernarg^^ndlMSBPiTIZlMinincontrast 
tfTn'liat isToundjn^secondar^lesioris^ A chain of tubercles can be traced 
frohrthTprimary lesion to the infected lymph nodes. One of the caseous 
nodes may open into a bloodvessel and cause general miliary tuberculosis. 

The patient with primary infection cither recovers or dies; the disease 
does not become chronic, nor is there any cavity formation. If recovery 
takes i)lace there is healing of the pulmonary and the glandular lesions by 
ene;ipsuIation v ith subsequent calcification. These healed primary lesions 
are. most readily detected at autopsy by taking roentgen-ray pictures of 
the lungs, but calcified subpleural nodules may also be felt. Sometimes 
actual bone is formed in the primary lesion. The results of healing are: 
(I ) calcified parenchymal and lymph node foci; (2) a state of allergy shown 
by the tuberculin test. About one-half of the population of the United 
States is tuberculin-positive. If healing fails to occur there may be general 
blood infection (miliary tuberculosis) or invasion of a bronchus with rapidly 
fatal bronchopneumonia. The course of the disease depends on such factors 
as size of dose and protection against frequent reinfection. 

Epi(i(hrrcvlosxs is a clinical term applied to certain tuberculin-positive children 
who dcvcloj) a characteristic wedge-shaped x-ray shadow with the base at the 
pleura and tlie a])ex at the hilus that appears suddenly or slowlj' and then gradually 
disapp(“ars. Although the lesion may be extensive, the s\Tnptoms are remarkably 
mild, and the cliild may feel perfectly well. The condition is therefore usually dis- 
covered accidentally. It ai)])ears to be a form of absorption collapse due to bron- 
chial oh'^tniction caused by i)rossurc upon the wall by enlarged tuberculous lymph 
nodes. These may merely constrict the lumen or may rupture into the interior with 
the formation of tuberculous granulations (Hutchison). A similar shadow can be 
produced csiicrimcntally by injecting dead tubercle bacilli into the bronchial tree 
of an allergic animal; this causes a tuberculous pneumonia which clears by resolu- 
tion. Himv.in ejjitubeiH'ulosis is jwobably a similar type of mild pneumonitis caused 
by a caseous node discharging into a bronchus a mass of tuberculo-protein and dearl 
bacilli together with a few vialjle bacilli. 


B. Reinfection.— 4'iiis is usually aa infection from without (cxogetious) , 
but it is probable that endogenous infection may occur from a primary 
lesion which has tailed to heal. There is a curions immunity between the 
ages t)f five and fiiteen, and death from pulmonary tuberculo.sis during 
the.sc years is extremely rare. Tlie reaction of the now allergic tissues is 
((uiie diiVerent from that of the primary infection. The right lung is 
attacked nuK-h more often than the left, and the lesion is nearly always 
jiiM below The apex. 


1 hi< remarkable apical localization is characteristic of secondary as opposed to 
primary infection. .-Ml sorts of fanciful explanations have been offered, but tlio mo.st 
sali-fyiua ami that which agrees best witli ohscrvctl facts is the one ottered by Dock, 
iv luvcl „n the low pulmonary arterial pressure at the apex owing to the 
Icm-.t ot the ciunm ot Mood from the right ventricle to the ajicx wlien the patient 
V- cm i. U V now km, sen tb.at the jircsv-ure at the apex is practicallv nil whim an 
.".omt m the icc.-t po-oue. In tall, loug-<-lK.sted persons, uotorimUly .su.s/’e/ffible 

\M!1 U; negative. .Vs a con.-equence th(>rc will he 
no p;o,.m'lvo, ffmd or lymjdi in the erect puMure, immune Imdies will not 
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reach the part, removal of oKyiien from the alveoli will l>e mininuii. and tnUercie 
hneilil reneirm," tlie part will find oplinuim condition,': for growSls. Patient.' -ivit!! 
mitral stono.ds' are almost immune from ajdcal tuhereulo'is, and in them tlu' })ul- 
rnonary arterial pres.sure is sufliciciifly bids to supply the nee-ls of the part. On the 
other Iniud (he disea.se is remarkably common in con^onitai stenosi' of the. pul- 
monary valve, a condition whieli produces the lowest known p-nlisionaiw' arterial 
i.tressurc. The hid^cr incidence of right-sided tuncal lesions can be explained by the 
fnc.t (hat the right }ailmonary artoia* is longer and narrower than (Isn left, winds* 
around the aorta, and breaks into loliar branches at .^omc distance before reaching 
the hilnm of the lung. "When ulceration or intense pcrilwom-hia.l inflammation 
occurs tlicrc is e.xten.sive hyperplasia of tlio la’onchia! .arterial sy.«fem with its high 
systemic hlood-ja'ossurc. so that conditions become favorable for healing. Tliese 
considerations exjdain and emiduisixe the importance of rest in the recnmlK-nt jios- 
fure in the treatment of ])ulmonary tui)ereulosis. As Dof-k ijtits it, ‘*it.is flic erect 
posture, maintained for many consecutive hours, which has given mai) an ‘Acdsilles 
heel' through which the acid-fast arrow may jiass." In other jiarts of the lung and 
in other organs an abundant blood .supply under adofinate pr.e.s.sure is an cssenti.al 
factor in the acq\iired immunity of civilized man to the tubercle bacillus. 

'riu' re.s'u// ^vill dopeiui on tlie size of close and the degree of re.^istaneo. 
If the dose is small and the. resistance high there uill Ire complete healing 
or a cjuie.t fibrocascons lesion at the apex. If re.sistancc is not so good there 
may ire rapid excavation, and as the re.sult of cavity formation irronehogenie 
spread may readily occur. At this stage sjrrc'ad hy the lymph stre.am and 
hlood is comparatively rare, so that lesions in lynprh nodes are insignificant , 
If the dose is large and resistance low there will he a widespread tidrerenlous 
eascoiis pneumonia with fatal tcrmimition. If a massive dose is discharged 
fnrm a caseous gland into the hlood stream there will he a general miliary 
tuhereulo.si.s. 

The jrrineipal distinctions between the primary and .secondary infections 
are the lack of any constant .site in the primary form, eascons involvement 
of the lympli nodes, and the absence of liquefaction and cavity formation. 

1. IIi:.\.Lixr. With Fimiosi.s.—Tliis is by far rhe commone.st eour.se for 
the. infection to run. Tlie Ic.sion i.s usually at or jnst below the apex and 
t;ikes the form of a small fle})rcssed pigmented scar which can often he 
better felt than .scon, and is frequently adherent to the chest wall. The 
black pigment eonsist.s of carbon particles conteined within phagocytes 
wliieli have been arrested because of the blockage of the lymphatics hy 
fibrosis. Lime salts are usually present, and arc seen in the .r-ray film. 

In the past- all apical .scnr.s have been considorcfl either t\ibcrrnlous or silirotie 
in nature. Tliere i.s a third type which is much the rommonc.^t, and which Mac- 
Millan. working in my department in Toronto, found to be characterized by re- 
tention of the alveolar j^nttern. They have a constant structure by which they c;ni 
be distinguished from the two other types, and scorn to be the re.-ult of organized 
pneumonia, ]>crhaps viral in nature. Mcrllar also came to the conclusion that the 
great majority of apical scars, are non-tuberculous. 

2. Chkoxic Fiuroc.vskou.^ TrBEKCULO.sis.— Tlie charactcri.siic reaction 
of a body already infected with tuberculosis to an additional heavy dose is 
breaking-down of the caseous tissue and the. formation of a cavity. 'I'his 
is evidence of an allergic condition of the tissues, and is in noway cd 
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with immunity. The softened tissue is discharged into a bronchus and 
coughed up in the sputum, "^^'lien the disease has reached this stage it is 
called “open tuberculosis,” and tubercle bacilli are found in the_ sputum. 
The bronchial wall is involved in the softening and undergoes dilatation, 
so that the cavity is formed partly as the result of caseation and softening, 
partly as the result of bronchiectasis. The first cavities are formed at the 
apex, and these are always the largest, but as the disease progresses other 
cavities may be formed in the lower lobe. The formation of a cavity is due 
to the clastic outward pull on an area of softening; this explains its regular 
outline in the roentgenogram and its comparatively sudden development. 
The wall of the cavity is smooth, quite unlike the ragged lining of an acute 



Fig. 219.— a healotl tuberculous noilule in the lung. 


|.•uvity. It nmy be traversed by brouehi anti bluttilvessels, jiud erosion of 
the latter may lead to serious or even fatal hemorrhage (hemoptysis). In 
adtUtitin tt> the main areas t>f caseation and cavitation there are small 
aeinar les'ions t)n the outskirts, et)mi)osed of yellow caseous acini surround- 
ing a terutiual l.n\)nehit)le. 'I'he ohler these are the more are they fused 
togetlier into larger masses, the younger and more distant they are tin' 
Mualler are they likely to he. 1 hey arc formed by int'asion of the terminal 
br(>uehiole> l)y tuberculous granulation tis.suc .so that the corresponding 
acini eollapM- and become filled with an exudate which in turn becotnes 
l -iust a? the acinus is the fundamental \mit of lung stnicture, so 

the aeinar lesions form the fundamental units of the pathologv of pulmo- 
nary nihereulosis. 

Si I f.ii ue ha\e sjKtken as if the disease were a steadily progressive one, 
!en such s'V no means tlie easm There is fil)fo.sis as weH as caseation, and 
thi- i- Mvn as a ildekening of the bronchi, bloodvessels, and pleura, 
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nnd as numerous u hite strands on the cut surface. (..Iironic ca vit ics havi- n 
tliiek ami fairly smooth wall (Fig. 210). Healing of a cavity n)ay occur; 
this in.ay take place either hy scarring or hy tlic cavity becoming filled with 
caseous material. A cavity of large size, as seen by .r-ray, may entirely 
disappear. Sometimes a cavity may undergo healing in t!ie. clinical srmse, 
i. it no longer prttdnees sputum filled with tubercle baeiili, and yet n*- 
mains open, comnmnitating with a bronehn.s. 'J'be caseous lining is shed, 
tlie tnbercnlons granulation tissue becomes fibro.sed, and tlu' inner surfatr 
of the wall may liecoiiie <;pithelia!ized. A cavity may lieal in the pathol(»gi- 
eal sense as the re.sult of oeciusion of the draining hrom-hns. (alher In' 
obstructive enseous bronchitis, or by the formation of :i eascons ))lng. 



Wlien tlic lungs are freed from the normal pull of tlie chest in’ artificial 
jjnenmolhorax they retract owing to their clastieity, and the cavity shares 
in this process and tends to collapse ami hecome obliterated, ihe usual 
result is a solid nodule due to the retention, inspissation and calcificatiorf 
of the contents of the cavity. Pleural adhesions are very common, (-spewi- 
ally at the apex, and there may be patches of recent pleurisy. Ail of this 
indicates a good defense, and the disease may either remain stationary ur 
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the early stages. The bronchial lymph nodes are either not involved or 
only to a slight degree. The five chief characteristics of this type of pul- 
monary tuberculosis are: (1) consolidation and caseation, (2) cavity 
formation, (3) acinar lesions, (4) fibrosis, (5) relative escape of the tracheo- 
bronchial lymph nodes, which contain very few bacilli. 

The vucwscopic picture varies in different places. The basic lesion is the 
tubercle, consisting of epithelioid cells and lymphocytes with the usual 
addition of caseation and giant cells. As the tubercles fuse to form larger 
masses caseation becomes marked. Much of the elastic tissue remains 
intact and holds the caseous material together, but when secondary pyo- 
genic infection occurs this tissue 

— , — — is destroyed so that softening 

f~ soon develops. If the section 

■ stained to show reticulum 

fibers an abundance will be 
,• y seen between the cells of the in- 
'C;. '' ' flammatory exudate, in sharp 

/ contrast to what is found inthe 

AV; .3;y-k;vr next form. Proliferation of 

^ .V v ^ ■ fibroblasts and fibrosis are very 

f , f”’ ' v>.^' marked, especially in those 

'•'4 cases where resistance is good. 
The arteries may show an end- 
v arteritis obliterans which nar- 

■ • ' vf' rows or even closes the lumen, 

' \ prevents hemorrhage 

'■' "T I'- 'i'. . the wall of the vessel should 

become ulcerated. The. sur- 
' ^ rounding alveoli may contain a 

cellular e.xudate, and in the 
'• more fibroid forms the alveolar 

f epithelium maybecome cubical 

, andgland-like(Fig.211,p.391). 

10 221,-Pulmonao'tubercutosb. Con- 3. ,VCUTE TuBEUGm.ors 
^oluinli'.in of the entire lung from caseous p ^ p , . rri, > 

\nieuini>tua with acute cavity formation in C.XSEOU.S i XEUIIOXIA. this 
n boy, agcil hftcen years. is an acute form of the disease 

in which infection overwhelms 
resistance and sweeps through 
thv luug, M) tluit it gives rise to the cliuieal picture of galloping consumption 
or tictno plithi/ts (wasting). The lesions ulcerate through the walls of the 
bronthi m many jtktces and the infection is widely spread throughout the 
Imnr by uihalatiou. The lesions no longer remain discrete as thev tend to 
do m the inoviuus form, but fuse together to form large caseous areas 
whu h may involve the whole of a lobe or even the entire lung and give a 
pnemuoine appearaiuv like that of gray hepatization, so that the condition 
P eadj.d ^Keous pnemnoina (Fig. 221). Acute cavities may form in the 
< ■- 1 .- ■ lyited TP.ue, but these are seldom very large, and have the ragged 

-bmr uU V,t .*'■ capsule which 

k -- X. !'](. C,,i\it\ frO!n 1I1O snrrniitifnnfr T)f ! .. i 1 




Flo 221.— Pulmonarj’ tuberculosis. Con- 
soluinli'.in of ilie entire lung from caseous 
\nicuinimia with acute cavity formation in 
n !>oy, agcil liftpcn years. 


I’leuri.sy and hroii- 
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chitis are present. ''J'lic tradieobronclimMvjnj)]j nodi'S are enlarml ‘ual 
ea.seons, for the hiu^ is tinnhie to holrl back the bacilli wliicli r.'ai-l/th,- 
nodes in great niim tiers. 

d'he microscopic picture is one of rapid caseation and destnnaion witii 
no evidence of resistance on the part of the tissues. ']d,c ah cnlj are h'lhMi 
witli an acute cellular exudate, mainly mononuclear in tvpe, v.hich rapidlv 
becomes caseous so that all detail is lost. Elastic tissue is de.stroyed, anil 
no reticulum fibers are formed beUveen the cells in tiie alveoli. ' .XchlH-r 
giant cells nor fibrosis are in evidence. Smears of the exudate and .•^ectifuis 
of the lung show enormous numbers of tubercle bacilli, far in e.xce.ss of 
what is seen in any other form of pulmonary tubeiamlosis. 



Fig. 222.— Acute miliary tubcrciilosi.‘; of the hint;. Between llie tul)erclo.s the lunfi: tissue 

is practically normal. X IS. 


4. Acute TuBERcruo.sis.— If a caseous tiiberenlous focus dis- 

charges its contents into a blood\-esscl the body is flooded with tubercle 
bacilli. A cascons broncltial lymph node may become tulhcrent to a 
branch of the pulmonary artery and open into that vessel, in which ca^. 
onl\- the affected lung may show the tubercles. AJore often the vessel is , 
vein, and then tubercles are found in all the organs as well as in the lunc -. 
the patient often dying of tul)crculous meningitis. 

The lungs are intensely congested and studded with minute tubcM ics. 
many of wliich can only be i^een with the aid of a magnifying gla- At 
first the lesions are pale and translucent, but as caseation dc%*el<': ' they 
become yellow and opaque. M icrnscnpicaUif the tubercles are , tt to I - 
everywhere in the fibrous framework of the lung, but the imervepkr 
alveoli are either euqity or contain catarrhal cells (Fig. 222). I'he tfU 
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cles present the nsunl caseous center, epitheloid cells, lymphocytes, and 
giant cells. 

A rii.^finefion must 1)0 drawn between tuberculous bacillemia and general miliary 
tuberculosis. A varying degree of bacillemia occurs in every case of tuberculo.sis; 
it is by this mean.s that discrete foci in bone, kidney, etc., are set up. But it is only 
when resistance is overwhelmed that the condition becomes miliary tuberculo.si.s, 
and it is overwhelmed because of the massive size of the dose, especially if this dose 
be continually rejicatod. MiViarj' biberculosis may occasionally be chronic and 
the lesions may undergo healing by fibrosis. 

The Rt.e.\tiox of Pi-mi’toms to Lesions.— The goicral symptoms (fever, loss of 
weight, asthenia, etc.) are due to the ab.sorption of toxins. They become more 
marked when secondary infection is added to the pure tuberculous infection. 
Cough is a bronchial symptom due to inflammation of the larger bronchi, the walls 
of wliich arc much more .'-ensitir e than those of the bronchioles. Pain in the side is 
due to a tuberculous pleurisy. The character of the sputum depends entirely on the 
form which the lesions take. In miliary tubercidosis there may be no sputum. As 
long as the lesion remains closed the sjjutum remains scanty and contains no tubercle 
bacilli. Wien cavities form the sjiutum becomes abundant and purulent and con- 
tains numbers of bacilli. It should be remembered that unless the bacilli number 
100,000 j)cr cc. of s])utum, thej' will probably not lie seen with the ordinarj- Ziehl- 
Xeelsen method. Guinea-pig inoculation is a thousand times more scn.sitivc. The 
appearance of elastic tissue fibers in the sputum indicates lung destruction. Hemo- 
ptysis marks the end of the beginning or the beginning of the end. In the early 
stages there may be erosion of a small vessel in the process of softening. In the late 
stages a large artery ciaissing a chronic cavuty may give way causing iv severe and 
jiossibly a fatal hemorrhage. 

The })hysiral sigi]s dc))end on the cluiracter of the lesions. The consolidation and 
cavitation of the fiiirocascfnis form arc indicated by didness on ))ercussion, in- 
crca.'^ed t.ai'tile fremitus, and blowing breathing which may become amphoric over 
a large car-ity. All these sign.s are diminished if the iileura i.s nundi thickenefl. There 
is not the nooden dulness of lobar pneumonia except in the caseous pneumonic 
form. Moist rales intensified by coughing (post-tussic) indicate breaking down of 
caseous material; they become coarser as the carities enlarge. Small calcified 
le.'.ioiis, Ghon lesions, miliary tubercles, and, of course, more extensive consolidation 
and cavity formation are clearly shown by the roentgen rays. 

Hi!ON<'nouTHi.'\sis.- Known also as bronchial calculus and lung .stone, this 
term signifies the presence of calculi in a bronchus. Tlie usual origin i.s a caseous 
tuhciculous focus in the lung or lymph nodes or the inspissated pus of an old lung 
alisce.-.-. The (-alculus erodes through the bronchial wall, or it may be formed with- 
in the lumen of the bronchus. Thevalculi, which are often multiple, are hard and 
incgular. Tiiey may be expectorated, or may remain within the bronchial lumen 
ami ca\iM' ob.>t ruction. 


SYPHILIS OF THE LUNG 

S> phihs of the lung may be congenital or acquired. The former is much com- 
mons and much iiuce eh.aracteristic than the latter. 

•I'h.c o.- aa aihd .feria is in syphilitic infants. The child is either horn dead 
m. OSes !u a lev days. I Ik- 1u„o; or part of it is con.-olidated so that it sinks in water, 
I- iC 1 ,,;.., pay uAov. For this reason the coialition is railed pmumonia alba. 
U V an pncmmnm caused by enormous mimlier of spirochetes scat- 

usc,! t!.,. v.ith the [onuHtjon of a large amount of cellular fibrous 


MYCOTIC IXl'KCTSOKH OF mi: UW(; 

(iPMie (Fip The alveoli are «Hmll,?epnnik'd by the fihruu-r fi-ue .nud !mu.| 

Iw nibmil 0|,1 l.elmin ™ ,is i« l„m. „ gl;i,i,|-Hko :,,,|,„.raiK-c.. T!,. ..irfi.r,.' i.- ,.i 

»rr!>,«t 0 fi devclnpnimt r.-diicr tlion nrtivo I 

lesion?, hkc gumma bnn Ihc gross. om... 

The r/r^mrrd form i.s junv so rare ihni if need only he menfioned. Tlie n.uni 
e.Mon IS ulceration of n bronchus with snl\«oqnent scarring and hronrhiai 
imn. Guminatn are a reniofe pn.ssildlitv. 



MYCOTIC INFECTIONS OF THE LUNG 


Mycotic diseases of the lung due to the higher fungi ore e.osily confused with 
(uberculosis even in the aufoji.sy room, for caseation and cavity formal ion areamon" 
the chief features. The only certain mctliod of distinction is the finding of the 
organism? in the tissue. 

BLASTO.Myco.?i.s. — This is jn'olrably the commonest of the jndmonary mycoses. 
The spores may be inhaled directly, or infection may spread lyv tlic blood stream 
from skin lesions to the lung. The lesions' (cdnsolfdat ion and cavitation) arc very 
imicli like those of tuherculo.sis, hut there is more .su[)jniration and giiiid-cell for- 
mation. The hlastomycetcs are seen in llie microscoj)ic sections in large mimlfiv 
and also in the Sjnitum and ]ius. Tlie jrrognn.-^is is far worse than in tuhercuio-is. 

Acti.n'OMYCosis.— The aetinomyecs are inhaled into tlie lung or .sinead from tlw 
mouth. They .never spread by tlie blood stream. The Ic.^^ions are like tiio.-'r* o-f 
fihvocas.eous tuberculosis, imt instoarl of cavitation there is abscess formation. 
Moreover the lower lobe is mo.st often involved. As u.«ual tlie disea.'e .spread*^ by 


contiguity, not by the lym])h or blood .stream, so tliat it extend^ to the (h^ st wall, 
.'^nine and through the diaphragm, forming numerous sinuses, Init not invoi’.ing 


snluimr 


the bronchial lymph nodes or distant organs. The fungus is found in the 
granules'’ in the pus and sijutum. The disease is u-sually fatal in uom six mogtii 

(o a year. 
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Streptotheicosis.— A rare infection by a branching fungus. The pulmonary 
lesions are of the septic type— abscess, gangrene and bronchiectasis. The infection 
may spread by the blood stream to the brain and elsewhere. 

Aspergillosis.— This is caused by Aspergillus fumigatus, a filamentous fungus 
with a basal stem and a stalk supporting a spore-bearing head. The disease occurs 
amongst bird fanciers, pigeon stuffers, and other gi-ain handlers. The lesions are 
similar to those of tuberculosis, with necrosis and cavitation. Mats of mycelial 
threads may be seen in some areas. The x-ray picture may strongly suggest miliary 
tuberculosis or silicosis. 

Moniliasis.— The fungus. Monilia, may cause pulmonary lesions which resemble 
those of tuberculosis. Small yellow nodules fuse together, break down and give rise 
to eardties. The microscopic picture is similar to that of tuberculosis, but the 
necrotic center contains monilia threads. One must not, however, make the mistake 
of thinking that monilia in the sputum proves that the patient is suffering from 
pulmonary moniliasis. 

Coccidioidomycosis. — The characteristics of the fungus coccidioides are de- 
scribed in Chapter 7. The infection is widespread throughout Southern Cali- 
fornia, West Te.x'as, and the regions of the United States bordering on Mexico. The 
spores of the fungus are inhaled from the soil, causing an acute pneumonia. While 
this usually clears up completely, many cases have incomplete resolution with 
residual infiltrations, of which nodular densities and cavities are the most char- 
acteristic .x-ray feature. These ma 3 ' persist for many years unchanged. The re- 
sidual pulmonary lesions, especiallj’- the cavities, maj" strongly suggest tubercu- 
losis, init the patient presents no symjitoms and feels quite well. Infection does 
not spread to other parts of the lung nor to distant organs. The fatal disseminated 
form of coccidioidal infection is a very different story. 

Histoplasmosis.— Like coccidiomycosis, histoplasmosis used to be regarded as a 
fatal s.vstemic fungous disease. It is now known that a mild form exists. The 
geogra]jhic distribution is marked, namely the Mississippi valley and the Eastern 
Central .«tatos of North America. There is an unusually high incidence of pul- 
monary calcification with a negative tuberculin but a positive histoplasmin reaction 
in these areas, and there can be no doubt that this calcification indicates healed 
lesions in a benign form of pulmonaiy histoplasmosis. Nodular foci and cardties 
have been found in the lungs. 


CIRCULATION DISTURBANCES OF THE LUNG 

Active Congestion.— This is rather an ill-defined condition which may 
be the result oi irritating gases or the initial stage of an acute inflamma- 
tion. The vessels in tlie alveolar walls are distended with blood. 

Passive Congestion.— In passive congestion the dilatation of the vessels 
is a jiassix'e ailair due to luechanical causes. Two forms are recognized: 
(1) i)io\\n induration, a chronic process, (2) hypostatic congestion, usually 
a t(Tminal one. 

Bnnvn Induration.— Thh is due to some central obstruction to the 
cin ulatiou. and is best seen in mitral stenosis, the blood accumulating in 
the lung The lungs are voluminous, russet-brown in color, tough, and 
indurated (brown induration). M kroampkalhj the lung is filled with blood, 
tlK- ahinlar ressels being widely distended, and the alveoli containing 
iu iU} ;<< ' ] iu‘ ciiarac'ierisiic featurt? is the presence of "rent 

nianU r- ui Iar;:e phapoeytic cells {illed with yellow pi<:nient. The<e cells 
are Lmova as Lartfailun: even when they occur in other than cardiac 
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conditions, and may he deri\-('d from residual epithelial ceils in the ah-eoUn- 
walls known as septal cells or ci)ieyt(.s fMaekiinl or from hi^ii<M vo,e 
(reticulo-endothehal cells) (Fip. 22-J). The pitnnenl is ]u.>mn,drlerim‘ de- 
rived from the redjjlood cells in the alveoli, and ^dves the Pnis.Man hhie 
reaction for iron, lliere is also a marked Increase in the connta.'iivc tisane 
of the lung, which is partly responsible for the toudmess and indnrasloiu 
This is probably caused by the pigment, which is carried l>y phagocytes 
into the lymphatics and distributed throughout the framewurk of ilje 
lung, where it excites fibrosis, 'fhe alveolar, walls are tliiclcened, so that 
the vascular endotbelium is separated from the air in the ah'eoli. 'fliis 
interleres with o.xygenation of the bloorl, and is resjionsible for sfano of 
the dyspnea of mitral stenosis. Hemoptysis is a common syiiiptoui of 



mitral stenosis, and is due to the beinorrbage into the alveoli, i he blood 
in the alveoli is partly converted into bilirubin, and tlie bilirubin contcu! 
of the plasma may be above normal, so that mhral stenosis is one of the 
conditions which may give rise to a latent jaiinditre. 

ImoptTHic PuLMOXAity HF.MOsnu:nosis.--'fhis rare rendition, also known 
e«-'entiai brown induration of the lung.y is a (lisease of children._ The kings snew, 
extreme decree of brown induration, i,nit no rardiac or other lesions can be tom a* 
account for'this. There are periodic attacks of severe aiaixic anoxemia a-s-' 
with massive intra-alveolar diapedesis of red cells At autopsy the a veoha .alb- 
are thickened, tlie caiiillaries greatly dilated, and the alveolar spaces filled < a red 
rrll'=! and macroiihagcs containing hemosidenn. 1 he cause is unknown. _ , 

Hypof^talk Con(iotion.--AM arcumulation of Wood in the lower an-: p' 
part of the lung is found at every autopsy, and is due to relaxation of ■ 
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after death plus the foi'cc of gra^^ty. A much more advanced condition is found in 
patients witli some debilitating illness and weak heart action who have been kept 
on their back. The dependent part of the lung may appear to be consolidated, so 
that without the microscope it may be impossible to tell if the condition is hypo- 
static congestion or hypostatic jmeumonia. The air in the alveoli is replaced by 
plasma and red blood cells, but a pneumonic process may be added as the result of 
terminal infection. 

Edema.— A slight degree of pulmonary edema is almost as common a.s 
congestion and may be seen at the base of the lung in nearly every autopsy. 
It is due to failure of the heart as the patient is dying. Pronounced edema 
may take two main forms, inflammatory and mechanical. 

IiS:FL.\:MM.\TORY Edema.— This forms a part of any inflammatory exu- 
date, the plasma readily passing from the vessels into the lumen of the 
alveoli. The amount varies depending on the irritant. It is very abundant 
in influenzal pneumonia, where the lung becomes water-logged. A varying 
amount of the plasma is converted into fibrin, the proportion being ex- 
tremely large in pneumococcal pneumonia. The increased capillary permea- 
bility characteristic of shock results in edema. Alany cases of so-called 
terminal edema are of this nature. 

Mkciiaxic-M. Edema.— This variety is due to chronic heart failure. 
The edema is due, as "Welch showed in experimental work on animals, to a 
dispro]Dortion between the working power of the t\vo ventricles. If the 
left..vcntricle. fJiils more .rapidly tlian the right, the pulmonary vessels 
become distended and plasma leaks through the capillary walls into the 
alveoli. If we ask uTiy the fluid leaks through, we find ourselves confronted 
with the difficult problem of edema which has already been discussed in 
Chapter 8. 


Pulmonary edema of the mcehanical type is naturally a chronic condition. An 
ncuk jmhnonnrn edema may occasionally develop, for which no adequate cause can 
be found at autojjsy. The patient usually has chronic nephritis or high blood- 
liressure, and it appears as if some sudden strain had been thrown on the left side of 
the heart. An acute and fatal jjulmonaiy edema may follow a surgical operation: 
I have seen this ticcident occur in a simple ap})endectomy. In rare cases acute 
edema of the lung may come on after removal of a pleural effusion. Here the lung 
which has lieen compressed for a long time suddenly expands, and for some reason 
fluid pours from the vessels into the alveoli. 


The ;/ro,v,s- (ipjn-nraiicr of the lung is characteristic. It is voluminous, 
hea\y, firm, or doughy, and shows marked pitting on pressure. In the 
mechanical variety the. edema is most marked in the dependent parts of 
the lung (Itasc and posterior border). The cpj^olidation may be so marked 
as to simulate pneumonia, but steady pressure will force the fluid out and 
lea\e tlu' lung .suit. When the lung is cut and squeezed, water pours from 
the cut snrlaee and from the bronchi. If the condition is very marked as 
in influenzal pneumonia or acute edema of the lung the fluid pours out of 
the water-hc'ged tirgan without any pres-sure being used. The color of the 
fluid depends on the presence or ab.senee of congestion. If this is marked 
the fluid b hloiHiy, if ab.sent the fluid is clear and watery. 

Ih.e jni-tiirc is that of alveoli filled with fluid coagulated by 

tJie fixative d ig. ifL’.i). Tlie more albuminous the fluid, the more intensely 


cincuLAriox distuhbancics of tiu: lvxg 
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dose it stain with, cosin. If the fluid luisa very low protein content (nieelw 
ical edema), it may tend to be waslied ont by t.iu‘ fixative. Jn siieh cas 
tile edema i.s ])e.st demonstrated by fixing llie tissue for a. few moments in 
i)oiling formalin whieli coagulates the fluid in .s-iiii. The material which 
fills the alveoli a pj)ear.s as a liyaline sheet, hut sometimes it i.s graiiular. In 
inflammatory edema there may ))e a A'arying amount of /ihrin formation. 

Embolism and Infarction.— d'his subject is fully fiiseussed in <'onneen’on 
with the general question of embolism in (.'haptcr 3. d’he thrombosis wliiel) 
precedes the embolism is often po.stopcrative, e.speeia!ly after o])erations 
oil the female pelvis, 'out the condition is, even more frequent in juirely 
medical (chiefly cardiac) ease.s. d’he first ('nii)olns may pro\'e fatal. As a 
rule, liowevcr, a fatal emb.olus is jire- 
eeded by a numlier of smaller emboli 
xvhich eau be detected clinically and 
recognized as danger signals. In this 
ease the use of anti-coagiilants such 
as lieparin and dienmarol can ana.st 
the formation of thrombi in the veins 
and thus protect the patient against 
fatal einholism. In jiraetiee this pro- 
eednre lias provcfl of value. Ligation 
of the A'cins in the leg has a. similar 
e/lcct. If the emholus is large and blocks 
a main artery death may occur in the 
course of a few minutes from shock. 

In this case there is no time for an in- 
farct to he produced. Death is ap- 
parently due to wide.spread ynt^in.-ou- 
strietion, as section of the sympathetic 
nerves in animals prevents it. When 
the embolus is smaller a red infarct 
is formed with Jiemorrhage 'into the 
alveoli, hemoptysis, and pain in the 
.side due to a patch of pleurisy over 
the infarct. When the infarct is larger 
there may be a hemorrhagic pleural effusion. As reeo\-ery takes place* 
the infarct is jiartly absorbed, partly replaced by a .sear which eetn sclilorn 
be detected if the patient dies later. If, however, formalin is instilled into the 
trachea and the lungs are then inflated to their original size, healed infarcts 
can often be demonstrated. Chronic plenritis and pnela'riiu: are easif>- 
mistaken for healed tuberculosis. Persistence of elastic ti.s.sm‘ and the 
demonstration of an organized embolus help to distinguish a licaled infarct 
from tuberculosis. Further details will be found in Chapter 3. 

Fat Embolism.— As a re-sult of fracture, enrshing injuries, nia] frnumati'* 
of fat. globules of fat may enter the torn veins and be carried to flic lui!ir=. Hf rr- 
they seklom do much daniage, Imt if pre.^ent in very large amount there may La 
dy.qmea and prostration. Tiic gross appearance of the lunir is nnnr!.-d, bui^ in 
frozen .sections stained for fat, globules and cylinder.^ tire seen nyfhe c.npills.nfs. 



Fig. 22.5.— Edema of the hm^. 
The acini arc filled with .ali)uini* 
nous fluid. X 1.50. 
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If tlie fat passes through the lung it may reach the kidneys and be excreted, or it 
mav lodge in the brain with fatal results. 


ATELECTASIS 

Atelectasis literally means incomplete expansion {aides, incomplete 4* 
diasis, expansion), but it is now synonymous with collapse of the lung. 
This may be; (1) compression, (2) obstruction, or (.3) congenital. 

Acute ISIassito Collapse.— This peculiar and rare complication is a special 
example of obstructive atelectasis caused by the two factors, bronchial obstniction 
and respiratory weakness. The clinical picture is a striking one. From a few hours 
to a few days after an operation, usually abdominal, the patient suddenly develops 
the symptoms of an acute thoracic catastro])he, i.c., extreme dyspnea, marked 
cyanosis, and collapse. There is no respiratory movement on the affected side, the 
lieart is displaced to that side, there are physical signs of consolidation of the lung, 
anri the roentgen-rays show a peculiarly dense shadow and the dome of the dia- 
])hragm high and immobile on the side of the collapse. There is at present no really 
satisfactory explanation of the condition. 

CoxGEXiTAL Atelectasis.— This is the only form of collapse which jlesenresJo 
1)0 called atelectasis, for the,alyeoli have failed to expand. It is. seeniathe stillborn 
child who iias never breathed, and in children \\Tid live only a few days and never 
breathe well, the lung shows many areas of atelectasis. The lung is dark, firm, and 
■airless. If only a_ part is collapsed, that area is depressed belo\y the surrounding 
surface.. The" collapsecUung sin ks in water, a convenient practical test to determine 
if the child has breathed. TKelung may have to be cut into separate pieces, for a 
Miiall ])art may (lave become expanded. It is commonly stated that the alveolar 
ouitheliunLof the full term fetus is cuboidal in form, girnng the.ab:eQli.a j;land -like 
a ppcnran ce. Tliis is not correct. It is true for the earlier stages of developm'e'nt, 
i»ut after the fiftli month the cuboidal epithelium begins to disappear and the alveoli 
to be opened up. The difference between the lung which has inhaled air and the 
one which has not is quantitative rather than qualitative. As the result of extra- 
iitcrinc resjjiration the alveoli are more fully distended and their walls are thinner 
(ban if the child has never breathed. If the body has been kept for some time in a 
warm room the lung may float due to the production of gas by putrefying bacteria. 
In such cases bubble-like areas are seen microscopically in the septa and alveoli; 
thc.'C arc easily distinguished from alveoli partially distended as the result of intra- 
vitcriue rcsjnration. 


Compression Atelectasis. — Pressure on the lung drives out the air and 
jrnidtices collapse. 4 iris may lie complete when the pressure is great and 
unilonii as in massive pleural effusion, empyema and pneumothorax, but 
onl> puriUil vlien the pressure is more local as in pressure by a tumor, an 
l•n!alged heart, or an elevated diaphragm. IMien the pressure is removed 
the hui.g will expand again, Init lesions m-ay be formed (as in empyema) 
whieh may pri-vent re-expunsion. 

Obstractive Atelectasis.— In this form two factors are nearly always at 
wor»;. I'bsTrueiion ol a l)ronehus and weakening of the respiratory move- 
ments (eiiesr or diaphragm). _ If obstruction is due to a foreign bodv in a 
’rolu•lm^ the seeoiui laetor will not be present, but usually it is caused bv 
an aeeiniiulatioi! of mtieus in the bronchioles associated with poor respira- 
tor.v ino'.emeuts. If daqr breathing and coughing were possible the ob- 
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.strnction in tin; broncliioles ^v(>n]^} bo ciearod .'iv.-ay. 'Ibis type of ntcleetaf'b 
is eoininoncst in debilitated children sull'erini: from bronchitis, Itronclio- 
pnomnonia, etc. Indeed in sncIi children even the n<tnna! anioimt of nnmus 
in the bronchioles may lead to partial collapse. 'Hie two factors are pre'cnt 
after ail abdominal ojieration, for the ane.stlietic will stimnlali* the bronchial 
S(‘cretion, and the alidoininal section will prevent the patient from breath- 
ini: deeply. In all of these instanee.s the air in the affected jiart. of tin- him: 
is ahsorhed into the blood, no more air can enter on aecount of the ohslrue- 
tion, and that jiart of the innc collapses. 

IMoumi) A^'atomv.— T he condition of the lun^ is similar in all forms of 
atelectasis, whether congenital, acepnred, or massive. In the massive form 
and in compression due to pleural eiVusion or pneumothorax the entire 
lung may he so collapsed that it no 

longer fills the ca vity hut lies against p- — ^ 

the ])osterior chest wall and vertc- ■ 

bral column like a squeeml sponge. | |v’ % ;% 

If only some parts are afVeeted, L 

these are firm, inelastic, airless, and 

sunk below the .siirroimding surface. ^ h \ 

These areas arc stecl-lilne or slate- < ’b 

gray due to stasis of the circulation. A* ! . 

i/fcmwoyiKYf/by the alveolar \valls ■f.'lfl , 

are pressed together so that the 

luiuen is nearly oiiliteratod (Fig. 22()). c 

In the congenital form the fetal ' 

structure is still evident. If the col- ^ e ^ 5 , 

lapse is of long duration fibrosis may V *^^5 V^'' 

occur which will prevent full ex- i A-b;? V" ^ 

p«»sion. 
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EMPHYSEMA 
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Emi)hyscma is tiic iippositc of jito- li: ^ • *'• . f — ■ — y J 

Icctasis. The word means inflation, y 

and the alveoli arc distended imstcad 
of collapsed and their walls are 

atrophic. Fhnphysema is usually general and afi’ectshoth lungs. It is a com- 
plication of diseases in which there is much coughing or violent « vj)ir;itory 
elTorts. It usually comes on slowly as the result of clunnie l.ronchiti.-. 
pulmonary tuhcrculo.si.s, etc. Sometimes it is more acute in onset following 
whooping' cough or iu-onchial asthma. It is said that the playing of wind 
instrumemts is a causal factor, but this is probably a myth. If thi‘ paiicm 
plays in a baud he is as likely to ])erform on the i)i" drum as on tiu- trom- 
lioiie. The local form is probably compensatory in nature. Ixlne found in 
the neighborhood of areas of consolidation and eulhipsc. It si xins fair to 
suy that the c.ssential cause of emphysema is still unknown. 

'Mokuid Ax.xTOMY.—The lungs are very voluminous, very rsiie.^ ai.-d 
ciuito drv. The heart may be completely ‘covered, so tliat there b no. 
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cardiac dulness on percussion. Large blebs or bull® project on the surface 
in the more poorly supported regions (apex, anterior margin, base).^ ihe 
lung has a peculiarly soft, dry, feathery feel. There is marked pitting on 
pressure due, not to edema, but to destruction of the elastic tissue. Mxcro- 
Hcomcalhi the lung presents a delicate lacc-ljke structure. The air ^'esicles 
are few in number and of great size. This is not due to breaking down of 
"septa between the alveoli. Normally the alveoli present for the most part 
a closed appearance, because the lung is collapsed and random sections do 
not pass through the alveolar mouths as often as in expanded lungs.^ When 
the normal lung is fixed in a distended condition the alveoli open into the 
alveolar ducts, so that the walls may appear to be ruptured. The three 



Fig 227.— Empliy.sema. A, Normal lung. X 36. B, Emphysematous lung, showing 
increase m alveolar diameter, flattening of alveolar bases and loss of zig-zag lines. X 36. 
(Boyd, Pathology of Internal Diseases.) 


eiitoi'iu wliicli llaitrolt suggests as pathognomonic of the emphysematous 
iung are; tL uitirked deeretise in tlie average alveolar depth, (2) a cor- 
re.spoiuliiig iuerease in the a\erage alveolar diameter, and (If) llattening of 
the alveolar bases with loss ot the zig-zag lines which form so striking a 
te.ituie ol the normal lung fixed in :ui expanded condition (Fig. 227). As 
.1 icsult of the.se changes there is a great diminution in the volume of the 
■■ap! lary tad. h is this avascularity which is resjanisible for the pallor of 
t u lutig, loi the dr\ ness ol the cut surface, and ior the obstruction to the 
])uhnonary eireuiation. 

In eniphyseTiva, and to a le:-ser extent in other chronic di.seases of the 
.unc, t.ie hrnneh.vpiilmonary wins which drain the bronchi, bronchioles and 
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pulmonary interstitial tissue arc greatly enlarged i1d(>hou }. \cin 

u-liicli were first demonstrated by Znekerkandl by mear,s nf ifij'-dio!! h 
1 882, communicate both with the pulmonary and t he aVA iios 'j'jR.v 

therefore, act as a bypass wlien the pulmonary \-eins an- oeclurlrd. rni'd 
constitute a shunt between the right and left auricles. Ida- flfw at iWM i-. 
from left to right, but in adA-aneed emphysema the vabaes betwera, tiie 
broncho-puhnonary-azygos junctions become incfunpetent. and tin- 
may then be reversed. The expansion of the broneho-j)ulmonarv ^.vn.aH 
circulation may be compared with the expansion of the arbaiai miiatera! 
circulation which has been demonstrated so beaiitifuliy by kicbow in 
bronchiectasis, but the two do not necessarily go Itand in'lraiub 

Effects.— T he effects of emph3’-sema are far-reaebing .and senons. The cla-'f 
has a barrel-shaped appearance, the rilis being raised and iiic sferntirn pn.^hed fn;- 
ward, so that the antero-posterior equals tlic transrerse diamelcr. Tlir cnsf d 
cartilages are calcified so that the thorax is fixed in an e.x])anded condititjn. The 
lungs are hyper-resonant, and the area of superficial cardiac diilno.-- obliicrafcil. 
Respiratory movements are diminished, and expiration is difficult ai\d jiroloneed. 
Owing to the vascular occlusion there is marked olistniction in the pulnu.nar'. 
circulation, so That, there is great hypertrophy and dilata.lion of fh.c right vtailrific 
and. general venous congestion. tliroughout the body. Tiic piiinioufivv artery may 
show arteriosclerosis, just as it does in (he obstruction due luiir;;! sImh-,- 
D 3 'spnea and C 3 ’’anosis develop, witli a compensatory incre.i,-f’ in the -i.a.! 

size of the red blood corpuscles. One of the empln sen!at( u.' bniJa- .mat 
into the pleural caAdt3’', giving rise to spontaneou.s j.'neumot.ijora.x. 

Atrophic Emphysema.— This condition is seen in old age (senile etuphy.'^cma) 
and in wasting diseases. It is not a true emph3"sema, for there is uo distent inn of tlu; 
alveoli, no enlargement of the lungs, no bullae on the .surface. Tlic only rc.-'eiiihlance 
lies in the microscopic picture, where there is atroplp' aiul disappearance of the walls 
of the alveoli so that large spaces arc formed. The condition i.s an atrophy friim 
defective nutrition, and does not deserve to be called empliA’sema. 

Interstitial Emphysema. — This also is not a true emplyvsema. I he air f^..v:pc- 
from the alveoli and makes its waA'into the interstitial tissue ot the lung, pnrtienl.'irh' 
along the perhaascular .sheaths, as a rc.sult of which there ma.A' he ser.nu.'- pif-.-Mnn 



h'mphatics in the form of tinv beads, which are best seen under the piciua. U ma;. 
then )mss to the mediastinum and from tliere to the neck ano rloy.m (ca- r tla- mm-t 
Avail. The lung and the subcutaneous tissue.s have a ])ecahar a.n-i omte 
istie crackling feel. 


TUMORS OF THE LIJNG 

Carcinoma.-Primary cancer of the lung or i)ronehogenic c.-wciuoim. us-’d 
to be regarded as a rarity, but during the past rpiarfcr o. n 

become one of the commonest, if not the commorn.m. o, ... *■ ; 

espeoi,.llv in men. Indeed it In,s been tln.t r,., nnp^.rn.m m inm. .. 
.e pnlmon.lrv neoplnsm when a pat.e.d m me caneer ate, t a.., . 

tls of c.ardi,ac, renal or arterial d,.ca«.. been, ... .....I 

AA'inded. 
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There has been much discussion as to v;hether this increase is real or 
onlv apparent, and if real, u'hat has caused it. The answer is that we do not 
know, because there are no figures on wdiich the death rate from intra- 
thoracic cancer of half a century ago can be compared with that of today. 
One can read papers pro\dng that the increase in one country, such as 
Great Britain, is real (Kennaw'ay and Kennaway) or that it is only apparent 
(Passey and Holmes). It was not until the beginning of the present century 
that coronary thrombosis and myocardial infarction were recognized, but 
no one suggeks that the disease started then. There can be no doubt that 
the disease is recognized much more frequently now'adays by the internist, 
the radiologist, the bronchoscopist, the pathologist and the thoracic 
surgeon. Goethe once remarked “Was man weiss, sieht man,” and we 
recognize wdiat w'e know' to be common. It is also possible that there may 
be a true increase, due to the action of some new' carcinogen. Ochsner 
})oints out that from 19.38 to 1948 the fatal ca'ses of bronchogenic carcinoma 
increased 144 per cent, Avhilst the total cancer deaths increased only 31 
per cent. In 1920 this tumor constituted only 1 per cent of cancers; in 
1948 the figure w'as 8.3 per cent. He hastens to add that this striking 
increase parallels the increase in cigarette smoking. There has been a 
tremendous increase in the incidence in Britain in the last 25 years, as 
much as 15 fold according to Doll and Hill. The corresponding figure in 
the United States for a similar period is about half that amount. The 
mortality from cancer of the stomach has been stationary. On the other 
hand Steiner, in an analysis of the material examined in the Department 
of Pathology of the University of Chicago during the forty-year period 
I)ctwcen 1902 and 1941 came to the conclusion that there was no real 
increase in the frequency of bronchogenic carcinoma. 


In re-spect to the development of lung tumors, the genesis of pulmonary tissue 
becomes of imijortuuce. There has long been controversy as to the ultimate strue- 
tnre of the pulmonary :ilveolu.s. As the result of observations on the fetus in xitero 
and in transijiants in the anterior chamber of the eye Waddell came to the con- 
clusion that the cells which line the bronchi and alveoli originate from mesodernn 
This revolt against the time-honored theory of the specificity of germ layers is not 
really new; after all, such epithelial structures as the liver and kidney arc of meso- 
dermal origin. The mesodermal origin of bronchial epithelium would serve to ex- 
plain tlie marked pleomorphism and the occurrence of sarcomatous elements in 
bronchial cancer, the sarcomatous changes in transplanted pulmonary carcinomas, 
and the frequent occurrence of neoplastic cartilaginous and osseous tissue in 
bronchial adenomas. 


Liuilouy. — Ihe literature is full of etiological theories, most of which are purel}' 
fauta^tic and will not be mentioned. One definite fact must have significance, but 
unfortunately its meaning is obscure; the sex incidence is e.xtremely marked, from 
S(l to 90 per cent occurring in the maJCj. Tliis may {joint to a hormonal influence 
<u t<) an occi’iiatioiud hazard. The most striking exum|)les of occiqjational cancer 
o- the luna are the cobalt miners of Sdmecherg and tlie pitch-blend and uranium 
- of neidibnviug .loaclunisthal, botii in Czechoslovakia. In Ijoth cases the 
a!! o tut niiiii'- i> liighly radio-active, lor -1.50 years the underground miners of 
> h'.u'e e-a have b,en .lying of a ciie.st comijlaiiit now known to be wiiu'er of the 
■Hia, tu Jna.-li!u.>tlud 90 per cent of all malignant tumors ocetir in the lung. 

r v.liicli carry the hazard of brotichial cancer are workers in 

‘■aiu'.'.a.n {..am-- laltrieu.Ui ehromiJim eom{)ounds are not kimwii to be carcino- 
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iionic), stokers inhiding hot.kir fuino? in genernt-or jikjuN. ;uk! asfye-ios wo?kir>. 
There is no signific.'int relationship }K'tv.Teii silieosis (nor fulK‘rriilnsl-'< arid ’• 
of the hmg. Other carcinogens inay be inhaled more Ijy men tlKan uoiiun!. htu n** 
certain facts arc known. 

Cigarettr? .smoking luLs been incriminated. There is no (‘X)>erime?i(a! eviuem-c f !i o 
tobacco smoke lias a e'arcinogejiic action on bronclnal ejntheliinu. biit the ciinif a! 
evicienee is .sugucstive even tlunigh statistic.s are notorion.^ly mi'Icadini:. Wvnde! 
and Graham found that of G05 patients with cam-er of the lung .51 per cent snmkc-1 
more tlian twenty cigarettes a day, whilst only l.o per cent were nnn.'moketr : in 
the general hospital population the rorrc.sponding fignre.=: were 14. f» j^er cent .and 
19.1 per cent. The .sale.of eigarette.- in the U. S. A. has paralleled tin; incic,-..'-' of 
Iting cancer. One of the few places where the dtse.ase is known to he rare U Iceland. 



Fig. 22S.— Caicinoma cells in 
sputum. X 030. 


Fig. 229. — Orieiri of hronplioaenic c-nr- 
cinoina from broaoiiia! coiiholium. X 7,5. 


This may bo as.=ocinted witli the fact that cigarette smokina has imacasc-d much 
more, slowly in that country than in lands where lung cancer is trominon (Omreui), 
Aw outstanding critical contribution from the .statistical side, is that of Doll aisd Hi!! 
who inve.stigat'cd the smoking habits of patients with cancer oY the lung, stoma.ch 
and large liowcl from twenty Dmdon hospitals, as well as a control group wlio di^l 
not have cancer. Thei' came to the conclu.sion that smoking is .an imjsnrtaut factor 
in the caus;ition of carcinoma of the lung, and suggc.st that ai.vive the aae of K-rty- 
five the risk of developing the disease may be fifty .times as .creat among those who 
smoh'e 25' or more cigarette.s 'a‘^ many years as among non-smokers. ^ 

Symptoms.— -The chief .symptoms are cough, idood-stained sputum, dysj.uv' s, 
.and pain in the chest. The-sc symptoms arc due p.artly to pre.ssure. pe.rtiy fo 
bronchia! obstruction. There may be pressure ..m any of the .-^trncturrs in t Iw ohest . 
Pleural. cfiusipn occurs in about 50 jier cent of the case.< and is often bloou-r.muH 'i. 
Fever and leucocytosi.s arc o.-casinna! symptoms which tend to t! «■ o>ag- 
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nosis. The diaphragm on the affected side is drawn up to a remarkable degi'ee 
(tenting of the diaphragm) as seen in the roentgen-ray film. The film often fails 
to indicate any tumor, merely .showing .such effects of the tumor as aielectasis, 
pleural effusion, enlarged mediastinal glands,. etc. In secondary carcinoma, on the 
other hand, the tumor itself can be readily seen. Although the patient is usually 
in the cancer age, I have seen a number of cases under twenty-five years of age. 
Broncho.?co])ic examination is of great value; it may show a definite tumor, mucosal 
roughening, stenosis, or merely interference with “the normal movements. It is 
usually possible to obtain a fragment of tumor for biopsy through the bronchoscope. 
The breath sounds are remarkably absent over th'e' affected area, even though the 
bronchi may not be correspondingly narrowed on bronchoscopic e.xaraination. 



l it; 2.t0. — Priijiary cnrciiuima of the lun<!:. Part of flie new growth is the lung tumor, 
hut part is the greatly enlarged broncliial lymph nodes. 


f ancer cells exfoliated from the tumor can often be found in the sputum or in fluid 
i>bl:nui'(! by brtjiichuscoijic aspiration (Fig. 22S). The material can be'smetired, 
III , jiicfeiably, cttagulatcd ;iud treated as a tissue. The more frequent the extimina- 
tu-u, the more likely are cancer cells to be found. The I'.ocedure is of marked 
diagnostic value. A ncgtitive finding is of no significance. 


' ^ is essentially bronchogenic in origin 

I i- ig. — .n I lie gross appearance varies to an extnfordiimrv degree, which 
1 ' one ol the reasons why in the past the correct diagnosis has been so often 
tiu-cti in the ;tmoi)sy room. The most common finding is ti firm gravish- 
viutc nmuu- arising from a bronchus to ;i lobe nither than from a main 
-OMu imuuhus Ir may project into the iiiinen as a papillarv mass which 
may idoe.-. rhe bronchus and cause atelectasis. (Plate X.) The nature of 
Hae.t Ic.ouu IS s.l!-c.vi<k-ut. But it may merely, cause a white fibrous 
1 lU -ca.ug o- t-ie hronehuil wall wjtli ntirrowing of the lumen and onlv a 
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siK^'tTfslion of rojjglicning of ihc imu-OBa. If oir- is not fainHinr v,)!]) tlio 
fxi.slcncr of tfii.s typo of lesion I iRMfutgnosi.s will probably Ite niissefl. Xof 
ran'iy n nii(Toscop!<' cxjunination of tlic snspc‘tt<*(l lesitm is inaH-ssan- 
itoforf !( definite report can be given. The sire of the tninor varit's great jy. 
It may 1)e no nun'c than 1 to 2 tan. in diameter and yet may liave caused 
large and multiple metastases re.sponsible for. the death (d the pat amt. 
r'.snally, however, it <;xtends outward for a eonsidt'rabie distance into the 
surrounding lung, and may fuse with the enlarged bronchial lymph nodts-; 
(Fig. 2o(t). -In a relatively small numher of ease.s tlic tumor arises in tin* 
])erij)heral part of the lung from a small bronelnis; .such tnmor.s tetjd to })e 
more eire-um.seribed, and are those best .suited for surgical remfjval. 'fhe 
rest of the lung tnay show a. few or many smaller nodules, representing 
sju-ead tdong the lympliatie.s. 

Sectuidary changes may greatly alter llie gro.ss ajtpearance. d'hesc 
c-hanges are atelecLasi.s, broucbicctasis and abscess formation. If a main 
bronchus is blocked a lobe or the entire lung may l)c completely collaycsf'd- 
iMassive pleural effusion often blood-stained may add to the collapse. A 
lobe or a lung may be riddlcf) with hronehiectatie eavitie.s, which may 
<levelop into. ‘absce.sses. Sometimes the tumor itself is so completely de- 
.stroyed ])y the abscess that microsempie examination i.s necessary to d('tcet 
its ywesence. 

d'be wirrosr.ojiic appearance is most varied. There is pcrhnjis no tumor 
whieh is so pleomorphic as cancer of the lung, and this explains why in tiie 
past it has licen so frequently. mistaken for other tumor.s. d’he cells vary 
from the most undifi'eivntiated or anaplastic to tin* most fully differentiated, 
'rhree maiii.type.s.can la; flistingni.shed, the epidmnoid, the anapjastie and 
(hcyn'denp’earcinomatous. "TVs thTTmaplasfTc may bTlTgirfrleT asTiirTin- 
(liffercntiated variety of the epidermoid, it may be. better to s))oak of two 
forms, epidermoid and adenocarcinoma. There i.s a .strikin.g sex rliffereiu.'C 
bc'tween the two. Tims in Kvnrts Graliain’s experience 94 per eetil of the 
mule cases were epidermoid or anaplastic, whilst o.o per cent of the fenudes 
were adenocarcinoma. The relationship to excessive anrl prolonged 
cigarette .smoking is well marked in the cpidennnid group, but is non- 
existent in th(; adenocnrcinoma.s. I'liis suggests tlie possibility that the 
two are different diseases due to different (uircinogcns. In the epiderrnoifl 
type differentiation i.s seldom marked, so that rlie lint* between this and 
the anaplastic type may be indefinite,, but sometimes fully formed epi- 
thelial pearls are present (lug. 231). The d evelop ineut..of.the tuntor may 
]TAltttt&flgdJ)y_metaplasia of -the cyliiuTnoil .bronclilal .epithdinimiuto a. 
sttuamous .form.jmtjjiis is jiqt necessary nor indeed, .nstial. In the ana-' 
plastic variety (Fig. 2.32) tlie cells are sphcipidai. or .oval, (o.at-cell type.) or 
cven.spindle-shapt'd. These are the tumors which used to be regarded 
mediastinal sarcoma, a very frequent diagnosi.s at the beginning of the 
(.•entury, when bronchogenic carcinoma was regarded as a rarity, 'Tlie 
adenocarcinoma is inneb the rarest. The cell.';, whieh may produce .an 
abundance of mucin, are. arranged around gland spaces (Fig. 233). into 
wliicb papillary processes may project. 'Die stroma, varip._ grc.atly in 
amount and density. Epidermoid carcinoma arises more, insidiously, is of 
slower gnwytln.aml .spreads elect ively to the lymph iKukss. whereas the 



Fig. 231. — Epiclemioid. X 150. 
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1 la. 2'5:), — Adenoeareinonrj,. X 325. 

I iG'. 2jJ, 222, 23.‘j.— Uronciiial Carcinoma. 
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nn:ipluf<tic fonii, Ix'in.u r.ndifVc-rcntintcd, l»ehnv«'> iti more, (explosive fasliioo, 
invades the vessels and .s])rcads by. the iiiood stream, 'i’ht'se stat(‘meHis of 
etairse are merely gcmerali'/al ions to widely tln're are many exce]>tions. 

he nnnor tends to s])read far, and wide a.nd tin* sec(>nd;n v 
growtljs may be the first annonneenuMit tlml there i.s anything wrong witji 
the patieni. Sjjnxul i.s threefold: (1) ihnnigh the Inng, (2,! lo the lymph 
nod(*s, mid (dj to (li.stmit organs. Sprea/i Ihroufjh ihc hnio i.s mainly by way 
of till' periva.seniar and p(‘ribrone}iial lymphatic.s with tlie formation (>f 
new nodnle.s at a distance frx.mi the -jirimary. imnor (I'ig. 2dly d'iie 
tumor eell.s may also creep along tlie bronchioles and form a neve, lining fur 
the. alveoli, '.riicre may be extension to neighboring .structures (jiericar- 
dinm, Inxirr, etc.). 



Fig. 23-!. — Dilated pcriva.ccular .lyiapjiaye.'s filled with tunutr celts. Tlie liintca of flic 

vci.s.'^ei contain.' rod cells. X 175. 


Spread fo ihc htmph luidcs is constant; first the regiomd noflcs (trach- 
eobronchial and mediastinal), Imt later more distant glands (snjtra- 
clavienlar, ct'rvical. tind retro peritoiwal) may ho involved, 'fhe inwiiastinal 
mass may he larger than that in the lung, and in the j>ast ;i diagnosis has 
often been made of mediastinal sarcoma with secondary growth in tlie lung. 

Spread ia dhdant orpnn.'f i.s very common. The order of frefjUfncy is a^ 
follows: (1) liver, (2) brain and lione, (S) kidney and. ndrenal (I’ic. 275.1/. 
L^s commonly tlie paiu'reaSj thyroid, etc., may he invnlvcd. I'hc cfitri- 
bination of inctnstases in brain. and. adrenal, is rcniai\k,ai)!y (smiinon. In 
my nniterial half the cases of ail secondary minors of the adnatal v.cre due 
lo bronchogenic carcinoma. Tiie nmte of spread from lung to adrenai.s i- 
probably mainly iymphatie.rfa.the abdominaidymph nodes, which rceelvt; 
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efferents, from both. adrenals. The adrenals have direct lymphatic connec- 
tion with tlie, diaphragm and posterior mediastinum. In one case direct 
extension could be traced from a tumor in the hilum down through the 
mediastinum to the left adrenal. Tanner and Gordon believe that the 
anaplastic form invades the a,dyentitia of the aorta and spreads by the 
celiac axis and other branches to the adrenals and pancreas. The brain 
metastasis is often mistaken clinically for a primary .cerebral tumor, 
Ijecause the cerebral symptoms may. precede the pulmonary ones. 




Fig 235.— Diagram to illustrate sites of Fia. 236.— Adenoma of bronchus. 

mptastaso.< in bronchogenic carcinoma. X 275. 


The Rel-stion of Symftows to Lesions.— The symptoms are due to pre.^sure 
and obstruction. The por.sistent cough is due to irritation of a bronchus by the 
growth. Blooilg sputum or actual hemorrhage is caused by ulceration of the bron- 
chial mucosa. Occlusion of the bronchus leads to atelectasis with displacement of 
the heart and limitation of movement on the affected side. Dyspnea is a common 
and marked symiitom and is probably due to partial blocking of a main bronchus, 
thus interfering with the ventilation (aeration) of a lobe or an entire lung. If the 
obstruction is complete and the other bronchi are patent tiiere is no dyspnea be- 
cause the lobe or lung is eomiiletely collapsed, there is no partial circulation through 
it, that the aerated blood is not iiolluted by impure blood from the obstructed 
tiortion>. This j.; ;ilso true of cyanosis, although not to the same extent. Pain in 
the client or back may be due to pleuri.sy, pre.ssure on nerve.s, or metasta.se.s in tlie 
vertebral column. Pleural ejjusion is common and is due to carcinomatous involve- 
mt'ut of tl\e jileura. The fluid is often blood-stained, reaccumul.atcs rajjidly after 
removal, and may contain clumps_of tumor cells. There may be pressure on the 
e- ip'umus. traclica. and recurrent laryngeal nerve with corresjjonding .symiitoms. 
I r r and /•. may be <lue to occlusion of a broin-hu.s and the :iccunnil;ition 

o! j>'ind>'iit material in the r(‘sniting bronchiectati<’ cavitv. 


.1 
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Adcn’oma of BiUiNciu'F, -ThiH rather unooiumon ttunnr 35 rojiiarjti?))!?* for jt.« loifa 
(hir.'ition jjiinctiiatcd hy rcjirailcd hfai3f)rrlt:ir^cs. Thu? in a caFc of mine (here u-.-re 
henmrrli.niieF, r;f)ij3C.tin3r:s ef3]iinn~, over a }>erir>«) of (wenty-five yearr. 'J'hc Somo!' 5.‘~- 
nsnally an adenomidouF jioiyp f^i'owinsr in 31 nia.in i>ronciniF juid e;i', 3 Finj^ olvdrueiion 
of tlie Inmmi aa uvdl .aF hosnorrhairc. H tmy pmjerf on Oir; F<uf?(re. priKiiu iriq 
hrnncliiai ol.i.struction and fonninu; a Ftrikinix pie()jre when Fc-cn with the in-oneiaw 
aeopi'. In other e.aSf’F there is little to Ise seen on (lie Fiiihsee, lad (here rnav he ;t 
iarye Uiinor szrowinu: into the lobe, a hi'd which onphiiFize? the necej-Fity of IoUih-- 
fn333y. 5Iiern>'ef)pic;!l!y it cosipiFtF of epithelhil cons stiikindy tmiforni in t\'pe. ntid 
UFtialiy forn 3 iny sotif! niiiFsea reniiniscenf 74 :i eafeinoid tumor (h'ij:. 23t>). The celb 
m;iy occ;i;d(th:illy he an'aistred inon3i<l ap.-u-eF in fil.anfhilar foriiiation. The nriyin 
of the tumor jFjtjns^lierf.fdiFirttte. It nniy aripe froin li.-mal eellF in tlsc hrojscliiai 
tnuf'osa fir even frfim ejiitImJia lized alveoli, wliieJi avould explain t he fact tinif t here 
is often a distinct sjiace lictwecn the ttntmr nn<l the bronchial ejntheliusn. Al- 



though ibe tumor is Irenign there is distinct invasion of the surrounding jiarenehyno 
and sometimes of the lynipliaties. An aflenoma may become c.‘treinf)m;ito!is. so f ha? 


lobectomy is jncfenable to removal through the browhosenpe. It bsis hefui suem ste-i 
that these tumors arise from embryonic broneliiai buds whicli f;ul to deveio[) and 
that they should be classed as -‘mixed tusnors," similar to those wliieh occur in tiw 
salivary glands (Wonmek :ind Gniharir). 

PfiAioNAHY Ai)!:komatosts; Alv(olnr C(ii Z'mnor.s,— This rare.couditiots consid- 
of a jiroliferation of columnar epithelial cc41s. whicIi. usually profluce ismcin iimi iim- 
tlie alvcol.-ir sjjaces, Such a picture natumUy saiggest^ metastatic arlenormx'inonaa. 
so that ;i primary tumor either-in the kmgoreisewhcTc li'uisl first hrMOciudefb^ The 
tumor mav lx- of multiido nodular fonn.or rjirely dilTuse. The nodular fonii is :>]>( 
to be mi'^taken at auropsTfor secondary carcinoma or miliary tulM-n-ulod-. whih? 


the (iilTuse form resembles the 


erav 


hepatization of lobar pneumoa;:'.. 'I he ,gU5 
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surface has a glairy mucoid appearance owing to the mucin which can be squeezed 
out. The microscopic appearance has already been indicated. Papillary processes 
are common and the alveoli are filled with mucin, (Fig. 2.37). The finding of poly- 
poifl ])rocesses of mucin-filled cells in the sputum is pathognomonic. Dense pleural 
adhe.sions are common. In about 25 per cent of cases there are metastases in the 
regional lymph nodes and there may be extension to distant organs. These are 
exanqilcs of malignant adenomatosis or alveolar cell carcinoma. Even in the cases 
which do not metastasize the condition maj' prove fatal because of the wide.sijread 
replacement of alveoli with functional capacity. The proliferating cells appear to 
be derived from alveolar ci)ithelium, although some WTiters believe that the origin 
is from the ejjithelium of the bronchioles. An infectious pneumonia of sheep known 
as jaagsiekte, possibly due to a virus, presents a similar microscopic picture. 



Fig. 238. — Secoiulaiy carcinoma of lung lying just under the pleura. X 12. 


Ill M^NGioM.x. Tlu> i> a rale tumor of the lung. It is really an arteriovenous 
h>tula, an abnormal communication between arteries and veins. It can be diag- 
nosed clinically and removed by o))eration, the chief features being increa.scd blood 
Volume,, \)olycytlicnvia, cyano.ds. and clubbing of the lingers and toes. It will be 
■-een that the clinietd picture may easily be confused with that of congenital heart 
di'cc.-e. 1 lie pie^-ence of a shadow in the x-ray him of the lung and the absence of 
heart murmur- aie features suggestive of jiulmnnary benuingioma. 

1L\m \uu)m,.\, 'I'lii-i is a small iK-nign Ic.sion of the lung .situated at tlie periphery, 
oually syiuptomlc.-- and picked up in a routine radiological examination when it 
nia> atouH* a >u-picioit of a more serious condition, A hamartoma {hainartion, a 
bo.Hls dck'cth ^eeu a.l-o in the kidney, is a develojanental anomaly, well circum- 
- ! ibcd. and cou->tiiig of the iioi mal eonstituents of the jiart arrangetl in a jumbled 
a.m. confused nnnucr. Ilct.- it i-; composed principally of cartilage, often calcified, 
-omcnti'.cs n-siiied, togctb.cr witli fat, hbrous tissue, musele and gland-like struc- 
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tures. . It may be presumed to originate as a faulty development of a bronchial 
aniage.’ . 

Pancoast’s Syndhome. — Tliis is a clirtical syndrome characterized by pain 
abpu-t. the. shoulder and dovm the arm, Horner’s sjmdrome, local destruction of the 
first, two. or. .three, ribs, atrophy of the muteles of Jhe hand, and a roentgen-ray 
shadow at, the extreme apex. Pancoast suggested the name of superior pulmonary 
sulcus tumor, but it is better called Pancoast’s syndrome. Most of these cases 
are examples of apical, .bronchogenic jcarci^^ pressing _on the:hrachiaL-plexus 
^dl^the syn^Dathetic cer\dcal chain, Imt without sj^ptoms, or signs pppulrnonary 
disease. . In a* fewTnstances'tlie lesibirhia}^ be Vn epidermal carcinoma arising,from 
embryonal remains father than any adjacent normal structure. 

Secondary Tumors.— Secondary tumors of the lung are very common. 
Carcinoma.may reach .the lung by the blood stream or via the lymphatics 
(cancer -. q£ the, breast). iMany nodules are scattered. .through one or both J 
lungs, and sometimes these nodules may be miliary in t\^e. ^Microscopic 
cfumps of tumor cells maj' be found where no gross tumor can be detected. 

In some cases the nodules are entirely subpleural, none being found in. the 
substance of the lung (Fig. 238). Sax-coma, oFbone.Jaas,a-speciaL tendency.. 
t o metast aaz.e,.to th&^lungs. Chorionepithelioma has, the intensely hemor- 
rhagic character of the primary tumor in the uterus. 

MEDIASTINAL TUMORS AND CYSTS 

The mediastinum is a complex structure containing a great variety of 
tissues. It is natural that an equal number of tumors have been reported. 
The primary tumors may be in the anterior or the posterior mediastinum. 
By and large, the anterior mediastinal tumors are teratomas; the posterior 
group are neurogenic tumors. 

Xetthogenic Tuwohs.— These tumors, which ari.se from the posterior roots of 
the spinal nerves, may be neurofibromas or ganglioneuromas. The gi’eat majoiitj’ of 
the neurofibromas are benign and are picked up on routine mass x-ray examina- 
tions, but if the}' are left long enough they tend to become malignant. The neuro- 
fibroma, arising from the posteiior nerve roots, grows forward pusliing the parietal 
pleura in front of it, but it ma}' grow backward through an intervertebral foramen 
and press on the spinal cord. This is the so-called dumb-bell tumor. The palisading 
of the nuclei or the whorled arrangement of the fusiform cells is characteristic of 
neurofibroma. When the tumor becomes malignant the growth is moro disorderly 
and mitoses are frequent. The ganglioneuroma, more common in children, arises 
from sympathetic ganglia. It is a benign tumor composed of large adult ganglion 
cells with an admixture of small embryonal nerve cells. Neurogenic tumors are 
often s}Tnptomless, but they may give rise to root pain. 

Teratoid Tibiors.— Developmental tumors, solid or cystic, are confined to the 
anterior mediastinum. They are likely to be discovered in adolescence or early 
adult life. The solid tumors are called teratomas, the cysts are dermoids. The 
teratomas are composed of a variety of structures, whilst the dermoids are cysts 
with ectodermal and mesodermal tissues, t.e., epithelium, glands, hair, cartilage, 
bone and teeth. No really satisf}ang explanation has ever been given for the occur- 
'rence of teratoid tumors and cysts in the mediastinum. The solid tumors may be- 
come malignant developing into an epidermoid carcinoma or adenocarcinoma. 
Cough is the most constant s}Tnptom, though there may be pain and dyspnea. The 
sputum may be blood-streaked. Expectoration of hair, known as triclm ' 



42S 


THE IIESPIKATORY SYSTEM 


the one pathognomonic symptom, although complaints by the patient of this 
occurrence have often been received with amused scepticism and incredulity. A 
circumscribed shadow is seen in the anterior mediastinum in the x-ray film, and 
the presence of teeth is pathognomonic. 

JvIkiu.s.stin.^l Cvst.s.— Cysts, other than those of the teratoid grou]), never be- 
come malignant. They may l)e bronchial, esophageal, gastric, enteric, or jjcri- 
cardial in origin. They occur in the posterior mediastinum, wth the exception of 
pericardial cysts, and arc probably formed by a pinching off of a small bud of the 
bronchial tree. 

The bronchial or hronchiogenic cyst is usually situated in the posterior part of the 
superior mediastinum at the bifurcation of the trachea or attached to a large 
bronchus. The wall consists of the normal constituents of the bronchial wall, and 
the cyst is lined by ciliated pseudostratified columnar e])ithelium. The esophageal 
cyst is lined by squamous stratified epithelium. Gastric cysts usually occur in young 
cliildren; the wall is lined by gastric mucosa, and the contents are strongly acid. A 
peptic ulcer is liable to develop, which erodes the trachea and gives rise to hemo- 
pt 3 ’sis. Enteric cysts are the rarest variety. They are lined by intestinal mucosa. 

The pericardial celomic cyst arises in the course of development of the pericardial 
cavitj’, and is situated in the anterior mediastinum, usually at the cardiophrenic 
angle. The lining is a single laj'er of flattened cells, and the contents are so clear 
and limpid that the lesion has been given the poetic name of “spring-water cyst.” 
I'liere are usually no symptoms. 

Lymph Nodk Tumors.— These form the largest group of mediastinal tumors, and 
are situated in the anterior mediastinum. Thej' maj’ be primarj' or secondary. 
Tumors of the UTOph nodes are discussed in Chai)ter 29, so that they will not be 
considered here. 

THE PLEIIRA 


PLEURISY 

Inflammation of the pleura, pleuritis, or pleurisy must be much commoner 
than dinical observation would indicate, because adhesions due to a former 
pleuri-sy are among the commonest of postmortem findings. Pleurisy may 
l)e serofilirinous or purulent, the latter being usually known as empyema. 
The common causal organisms are p neumococ cus, strept ococcu s and the 
tubercle-bacillus. ■" ‘ “ 

Serofibrinous Pleurisy,— The exudate may be mainly fibrin (Fig. 2.39), 
the serous eil'usion being negligible or undetectable clinically. This.i.s 
knmvi) as (lry.„or. fibrinous pleurisy. When the exudate is abundant tlie 
eonditibn is called pJiiiJusy„with.effusion. Pleurisy may be secondary to 
such pulmonary conditions as^pneumonia,''iube rculos is,' carcinoma, "and 
, iiyfareL or to a imghborhood infection such as pericarditis, pmostitis of the 
rib, or perhonitjs. In such cases it is likely to be of tlie dry variety. Or it 
inuy ap])ear to be a primary pleural condition, either drt' or with effusion. 
'Fhese cases are almost all tuberculous in nature. The infection is not 
srrictly primary, but })robably begins in a subplenral focus in the lung 
irom N\hirh it spreads to the pleura, botli lesions subsecjucntb' becoming 
healed. 

Lr.sioxs.- d'he fibrinous exudate may be so thin as merely to dull the 
luster ol the membrane or so thick that it can be peeled off in la vers, 
ihuh parietal and visceral layers are involved, and stringv fibrinous ad- 
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hesions pass bet-n'een the two laj-ers and also betM'een the lobes. Later 
these may become converted into permanent fibrous adhesionsj and in 
extreme cases the entire cavity may be obliterated. 

The fluid exudate may be very small in amount, as in the dry form, or it 
may fill the entire cavity. The fluid is clear or opalescent, depending on 
the number of cells it contains. WiienjtL^iU.dJsjYithdra 3 m.a_ 3 TlJ\M 
clot forms, owmgTQ.^,the..Iiigb,..fibrjnQge.n co nten t. IJ.einQ.i;rhagic-.e.fi;usiQ.n. 
i ndicates malignancy. AMien the effusion is abundant the lung is collapsed, 
the heart pushed over to the other side, the diaphragni pushed down, and, 
the intercostal spaces widened. ^ 



Fig. 239.— Pleurisy showing fibrinous Fig. 240.— Subpleural abscess about 
exudate. X 130. to rupture. Rupture of such an abscess 

is certain to be follow'ed bj'^ empyema. 


K iVTPYEiM.y. — Purulent . pleuris^Lis-USiially-secondaryjto^inf e.ction in the 
l ung, sometimes to spread of infection from other organs— such as the 
pericardium, chesLwall, or peritoneum. Pjiejiro.puaacaLemp\:ema compli- 
cates iobar pneumonia in a small proportion of cases (2 to b per cent). 
.Strertococca I..nmpyemas are often due to rupture of a small subpleural 
abscess which floods the pleural cavity with the massive dose of organisms 
needed to, produce suppuration (Fig. 240). 

The 'pleura is covered by a layer of inflammatory exudate, which is 
much thicker than in the other two forms of pleurisy. This thic k..Iayer 
covers the parietal as well as the_yisceral_layer, so that an exploring needle 
may Imve to be pushed in’ a way before it encounters pus. In course 
of time the ^ida.teJ3jecomes-conve-rted-mto.-fibrous-tissue_.(Fig..-241) and 
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tlieJjinj?j.Bay_bc bjound dp 3 )in^ extent that itjails to expand when 

the pus is.cvaciiated ■ ^'cry dense. ad,hesipns..are,likelv,to he.formed. 

The Ivng is collapsed to a degree depending on the amount of the fluid. 
In extreme ca.ses it is flattened against the mediastinum and the posterior 
ehe.st wall. Pressure of the pus may lead to necrosis and destruction of 
the Inng at the scat of pressure. In long-standing cases there may be a 
diffuse fibrosis of the lung which combines with the adhesions and 



Fig. 241.— Graitly thickened pleura. 
X 40. 


the pleural exudate to prevent 
expansion. 

The Relation of Syjiptosis to 
Lesions.— The sjTuptoms of the var- 
ious forms of pleurisy are very sim- 
ilar. Pain in the side made worse by 
breathing is the most characteristic 
sjTnptom. It is not caused by friction 
of the inflamed and roughened sur- 
faces as is commonly supposed, for 
the friction rub mtiy still be heard 
after the pain has ceased, and pleural 
pain may come on after pneumothor- 
ax. Like so many other pains it is 
due to tension, the inflamed and 
acutely sensitive parietal pleura be- 
ing stretched every time the patient 
takes a deep breath. The nsceral 
pleura is insensitive and so can take 
no part in producing the pain. 
Strap])ing of the chest relieves the 
pain by preventing the stretching of 
the parietal pleura; it does not pre- 
vent the friction. The jiain disaj)- 
pears with the onset of effusion, bc- 
cau.'.’c the fluid serve.s as a splint to 
immobilize the lower ribs. The/nV(ioa 
mb is heard as long as the roughened 
surfaces are rubbing against one an- 
other ; it disappears when the surfaces 
are separated by effusion. 


HYDROTHORAX 

Ilydrotljorax is a fluid transudate, as ojijio.sed to an inflammatory e.xudate, in the 
plcvival cavity. The watery fluid has a specific gravity below I.OIS and protein 
ciintent be!iiw_4 per, cent. It is a part of cardiac or renal edema. For some reason 
liydtutiidrax due'to cardiac disease is usually right-sided. This may possildy be 
due t(i prc-'Uie of the dilated right auricular aiipeadix. on the pulmonary. veins on 
that .'ide, I nit it must be admitted tliat that explanation .sound.s rather far-fetched. 
In lenal edema the pleural effusion is usually bilateral, and if it hapjtens to be uni- 
lateral it is Us coinmim on the left as on the' right. 

lit vuimn.v.GK' Pi.EfiUL Fleid. — Hemothorax is a condition in whicb..b!oQd.is 
p.'i.ut d mto the pleural cavity as the re.sult of ruiiture of an aortic aneurism, frac- 
tuivd iihs^ vouiid.s ol tlie i-he.st. etc. In hi morrlmijic ph urisy there i.s hemorrha.gc 
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into a preexisting pleural effusion, so that the fluid is waterj' and bloody but not pure 
blood. This condition is usually due to carcinoma of- the lung, either primary oi' 
secondary. 

Chylothorax.— A..m ilky fluid jj^ the pleur£d^ca\dty_^ niay, be chyle, ^chylifpnn 
OL Pseudochylpus . TEU£.c/i.vieJg.due to n^toe..or7obstnic^^ of the thoracia..duct 
by trauma, malignant disease, tub erculosis or filaria. Chytiform flulds^which closely 
resemble cylriousnuicip afe hiilky due' to the presence of fine, . fat .dro.pletsxleriyed 
from4attxj;legeiigr^on„qf^cj5il£.in-4Mincer...QLtheJung.,pr^t^^^^^^^ A pseudo- 

chylous fluid does not contain fat, although it may have a milky appearance, whicli 
raaj' be due to the presence of albuminous pa rti cles in fine.s.ub.di\fi sion . 


PNEUMOTHORAX 

Pneumothorax is air or gas in the .ple ural cavitv. b\it there is usually an accom- 
pairyin g serous or imrulent effusion, so that the condition is reallj’- aTr\4iropneumo- 
thorax^or jDyppneumpthprax.^ _T is normally a negative pressure in“the 'pTeunil 

caAdty, and when the ca^fity communicates with the lung or the outside air rushes 
in, the negative pressure falls to zero, and as the opening is often valvular a positive 
]Dressure may take its place. 

Pneumothorax is usually due to' rup.time of. a.,subpleural tuberculous, .cavity. 
Sometimes it is caused by tlw ,bui:§t.ingpf an emphyserna.teus b ulla. Rarely it may 
be associated ndtl Pabsc ess or*^ bronchiectasis. Laceration of the pleura from with- 
out and tearing of the lung by'a Tfactured rib are unco mmon cause s. jN'Iuch more 
rare are -Tj erfo ra tion of th e eso pha gus an(P'rup_ture_of an ulcer or cancer of the 
stomach throu gh the diaplrfagm. There remains a sman''grbup d'f 'cases “of spon- 
taneous pneumothorax, ■■in"whicli the condition suddenly develops without any 
obvious cause. Some of these may be due to rupture of an emphysematous vesicle. 

Symptoms.— T he onset is often sudden with severe pam in the side and great 
d yspnea , or it may be quite gradual. The affected side is enlarged and immobi le, 
hath jack. .o f vo c al frem itus, hyper-resonance.- a bsenc e., of, hreath sounds, and tlie’ 
characteristically echoing coin sound. Wlien the patient is shaken the ETippocratic 
succussion s plash ma y..,be^heard-irLSQme. cases. ' 

” Lesions.— The air should be demonsti-ated before the chest is opened at autojisy . 
A needle may be pushed through the chest wall and the issuing gas may blow out a 
match. Or the skin maj'- be reflected, and a small cup made in the intercostal 
muscles in which water is placed, ^\^^en the pleura is punctured at this point 
bubbles of air appear in the water. When the chest is opened fluid vill usually be 
found, which may be serous but is more often purulent (pyopneumothorax). The 
lung is collapsed, forming a small mass in_the region of the hilus. The heart is 
puslied’^over to the opposite side and the diaphragm' pushed dovm so that its under 
surface may become convex and the edge of the liver is far below the costal margin. 

The Relation of >SYJiPTOitis to Lesions.— The abrupt onset is due to the air 
suddenly rushing into a ca^fity. where there is a negative pressure. The pain is 
caused by stretching of the parietal pleura. The enlargement and immobility of the 
affected side, hyper-resonance, and coin sound are due to the air which fills the 
pleural cavity. The dyspnea, lack of vocal fremitus, and absence of breath sounds 
are caused by collapse of the lung, and the succussion splash is caused by the move- 
ment of the fluid. The roentgen-ray picture is highly characteristic (air, fluid, and 
collapsed lung) . 

TUMORS OF THE PLEURA 

Tumors of the pleura may be primary or secondary. Primary tumors are rare; 
secondary' tumors (carcinoma) are fairly common. . . '. 
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Primary Tumors.— These may be divided into two main groups, the localized 
and the diffuse. The localized tumors are of many histological types, but they have 
one characteristic in common; they arise from the tissues beneath the surface 
lining, whereas the diffuse tumors arise from this layer of cells. The localized 
tumors may grow from the parietal or visceral pleura. The most important mem- 
ber is the so-called giant sarcoma of the visceral pleura, which is of very slow growth 
and does not infiltrate nor metastasize, so that by the time it is discovered it may 
attain an enormous size and fill the entire pleural cavity. It has the microsco[)i(; 
sti ucture of a fibrosarcoma, but does not behave like a malignant groM-th. 

The diffiifse tumor arises from the surface lining cells, and is commonly known as 
an endothelioma. It would be better called a mesothelioma, as the surface cells are 
mesothelial in character, the lining of the pleural cavity being derived from the 
coelomic epithelium, which in turn is developed by a splitting of the mesoderm. 
The tumor may present characteristics of either epithelial or connective tissue, due 
to the varied potentialities of the mesothelial cells. It causes a diffuse thickening 
of the pleura which may extend over a considerable area or even the entire lung and 
may be over 1 cm. in depth. Both layers of the pleura may be involved. Pleural 
effusion is common, at first serous and later hemorrhagic. Microscopically the 
tumor consists of large spherical cells arranged in solid masses and columns, often 
within the lumen of lymphatics; they may have a definite glandular formation as 
in an adenocarcinoma. The stroma is usually fibrous and abundant. 

Secondary Carcinoma.— In secondarj’ cancer of the lung the pleura may be 
involved, but not infrequently the pleura is studded with small tumors although 
none are to be seen in the lung. Sometimes a network of Ij'mphatics is outlined 
as a series of white lines due to permeation bj' carcinoma cells. The primary tumor 
is usually in the breast. 
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THE MOUTH, NECK, AND ESOPHAGUS 

THE LIPS 

The important lesions of the lips are cancer, primary syphilis, and 
angioma. 

Carcinoma.— Cancer of the lip is one of the commonest forms of malig- 
nant disease. But it is only common in one sex (male) and in one lip 
(lower) . It is quite rare in women and in the upper lip. The high incidence 
in the lower lip may be attributed to its being much more exposed to irrita- 
tion (biting, action of actinic rays, etc.). The disease is commonly pre- 
ceded by some lesion caused by chronic irritation such as fissures, abrasions 
due to jagged teeth, a patch of seborrhea or leukoplakia, etc. The progno- 
sis is excellent, whether treated by surgical remoA'al or radiotherapy 

The disease begins as a local thickening and induration. If growth is 
mainly toward the surface a warty nodule is formed which soon becomes 
ulcerated. If groAvth is deep the chief lesion is a deep-seated induration, 
and there may be no surface tumor or ulceration for a considerable time. 
When an ulcer does form it has the usual hard raised edges of a malignant 
sore. 

Microscopically the tumor is an epidermoid carcinoma. iNIost of the 
cases belong to Grades 1 and 2, and a fair number to Grade 3, but I have 
never seen a case of Grade 4. It may be pointed out here that a con- 
venient practical method of grouping the tumors of the oral cavity from 
the point of view of malignancy is as follows: (1) tumors from lips to 
teeth— mostly low grade; (2) tumors from teeth to back of tongue- 
increasing in malignancy as we pass back; (3) tumors of pharynx— high 
grade of malignancy. 

Spread.— The spread, which is very slow in the lower grade tumors, is 
by lymphatics, seldom by the blood stream. The malignant ulcer may 
destroy the lip, the skin of the chin, and finally involve the mandible. 
The submaxillary lymph nodes are involved from the lateral part of the 
lip, the submental from the central part, but the corresponding salivary 
glands are seldom involved. The tumor cells may then spread to all the 
superior cervical lymph nodes, both superficial and deep, but as there is 
no direct connection between the lip and the inferior cervical and supra- 
clavicular groups, these nodes are seldom involved until very late in the 
disease. 

Syphilis.— A primary chancre of the lip may be on either lip, but is usually on 
the upper. It is usually caused by kissing, but an infant may be infected through 
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being suckled by a syphilitic wet-nurse. The lesion begins as a hard nodule which 
may ulcerate and develop into a typical chancre. There is the usual regional lymph 
node involvement, the submental and submaxillary nodes becoming enlarged and 
hard. When idceration occurs spirochetes are readily demonstrated by the dark- 
field method. 

Axgiojia.— Tliese are not uncommon tumors in children and are probably con- 
genital. Both hemangioma and lymphangioma occur and cause a characteristic 
diffuse enlargement of the lip. A hemangioma has a bluish color, but a lymphan- 
gioma is colorless. 


THE MOUTH 

Tonsilwtis.— -Acute tonsillitis may be follicular or parenclnunatous. Follicidar 
tonsillitis is so called because the inflammation is confined to the lymph folIicle.s 
surrounding the crypts. The tonsils are large and red, and the surface is covered 
with yellow sioots of pus which can be wiped away. The parcnchymaioits form or 
(luinsii is a diffuse inflammation invoKdng the whole tonsil and spreading to the 
surrounding tissues. Quinsy is characterized by supjniration, swelling of the jicri- 
tonsillar tissue find deviation of the uvvda to one side. The ceiAucal lymph nodes arc 
enlarged and tender, for they also are inflamed. The microscopic ])ic.ture is one of 
diffuse sui)i)uration. 

DirinaiKHiA.— The lesions of diphtheria are chiefly in the throat, on the tonsil, 
])harynx, and soft palate. The le.sions are usually localized, taking the form of a 
gray patch of inflammatory exudate known as a false membrane, which is firmly 
adherent to the underhung tissue so that when it is removed it leaves a raw surface. 
Microscopicallij the gray patch is composed of fibrin threads and necrotic epithelium. 
The fibrin is interwoven with the necrotic cells, thus explaining the firmness with 
which the exudate is attached. Large numbers of diphtheria bacilli are present in 
the membrane. 

\'in(;i:nt’s Angina.— This is a destructive lesion associated with the presence of 
two organisms, a long fusiform bacillus with ])ointcd ends and a spirochete which 
stains faintly with ordinary aniline dyes. These Vincent organisms, as they may ))C 
called, are inoliably closely related. They are readily demonstrated in direct smear.s 
(not culture), where the spirochetes may form tangled mas.ses. The lesion, which is 
usually on or near the tonsil, is at first necrotic, and when the slough has separated 
a large canity may be left. Before adopting drastic local treatment of a necrotic 
gingivitis a leucocyte count should be done to exclude agranulocytic angina. 

Svi'niLis. Sicondarii lesions take the form of bilateral grayish-white patches 
(mucous patche.s) like the track of a snail, or sujierficial ulcers. These lesions may 
occur on the tonsils, soft palate, or buccal mucous membrane. Tertiary lesions 
are guuuuata w hich break down and leave deep, jnmehed-out ulcers. This lesion is 
most often seen on the hard palate, where it causes perforation of the jralate and re- 
gurgitation of food through the nose, but it may also occur on the tonsil tind fance.s. 

Carcinoma. — ('ancer c)i the mouth is similar to the much commoner 
r ancer of the tongue and will he merely mentioned. It oeenr.s in the lower 
rather than the upper oral cavity, chiefly on the floor f)f the month, the 
ehei'k and the mandible. 'I he lesion is at first a localized thickening, but 
later bet-mnes a tieep excavated ulcer, l.ciikaphikin is a frec|n('nt preean- 
ecrous lesion, often associated with a badly fitting dental plate. Abo 
piobabiv preeaneerous in character are degenerati\'e mucous membrane 
changes fonml in the majority of mouth cancers. These are usually the 
result of a combination of avitaminosis witli various forms of chronic 
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irritation, e.'g., tobacco. Syphilis, and sepsis (Martin and Koop). Lack of 
\'itainin B is the most frequent deficiency, and probably the most important 
- from the point of view of carcinogenesis. ^Microscopically oral cancer is 
an epidermoid carcinoma, but of higlier grade and much more serious than 
cancer of the lip. 

THE TONGUE 

Inflamj^iation.— Glossitis„pr simple jnflanunation, of -the tongue ma}- take the 
form of an acute diffuse inflammation or of ulcers. Acute glossitu is not a common 
condition. It may be caused by the sting of a bee, an infected wound, etc. There 
is rapid swelling of the tongue and suppuration, and the patient may be nearly 
choked before the pus is let out. Simple zdcers occur at the edge or tip of the tongue, 
and are often due to the irritation of a jagged tooth or badh’-fitting plate. The 
ulcer is at first shallow and acute in tj-pe, but if the irritant is not removed it may 
become more clu'onic Mth indurated edges, and may eventuall}'- become malignant. 
Shallow ])ainful ulcers, usually of short duration, often develop in the moutli and 
on the tongue as the result of constitutional distiu'bances. Some persons are par- 
ticularly susceptible. The pathogenesis of these lesions is not clear : thej' are prob- 
abh' surface infections. The condition commonly called chronic glossitis is nearly 
always syphilitic, and will be described under that heading. 

Syphilis. — A sjqihilitic lesion of the tongue may be primary, secondaiy or 
tertiary. A primary chancre presents the usual appearance of the hard sore. Sjiho- 
chetes can be demonstrated by the dark-field. The induration of the lesion and the 
fact that l^'mph nodes in the floor of the mouth are enlarged and hard may easily 
lead to a mistaken diagnosis of carcinoma, a much commoner condition. The 
secondary lesions are mucous patches or shallow ulcers. They are swarming with 
spii'ochetes and are highly infectious. The tertiary lesions maj’ take the form of an 
ulcei’ or a diffuse glossitis. A syphilitic idcer is caused by the breaking down of a 
gumma and is usually situated on the dorsum of the tongue. It is liable to be mis- 
taken for carcinoma, but it seldom shows the same degi-ee of induration and the 
regional Ijmiph nodes are not enlarged. Syphilitic glossitis causas an epithelial 
proliferation with the formation of lozenge-shaped white patches (leukoplakia) 
often separated by painful cracks and fissures. As carcinoma is apt to develop in 
one of the deep cracks, the lesion can be regarded as a precancerous one. Some- 
times there is diffuse fibrosis which causes great enlargement of the tongue (s^^Ih- 
ilitic macroglossia). 

Carcinoma.— Cancer of the tongue shows the same strong sex. incidence 
as cancer of the lip, being, quite rare in w:om,en. It seldom develops in a 
healthy..tqnguerLeing preceded by such precancerous cond.itious..as chronic 
ulceratipn ...and... syphilitic .glossitis,, .(leukoplakia , .cracks, - etc.) . 'When a 
patient with a clironic ulcer on the dorsum of the tongue is found to luu'e a 
positiyejyassermann reaction, the case should be regarded as malignant 
until proved .otherwise by biopsy. Tlie tongue is divide'd'intoMwb'p'ortions 
by the V-shaped line .of circumval late papfilffi, the anterior two-thirds and 
the po.sterior one-third. Cancer of the anterior two-thirds js epidermoid in 
type, usually of distinctly higher grade than cancer of the lip. The edge 
is the common site, but the tumors which develop on a syphilitic basis are 
often on the dorsum. Cancer of the posterior, third, is,_fortunate,ly. much 
rarer, fQiy.it , is usually markedly malignant although at tlie same time 
markedkyrradio-sensitive. ? It is likely to be' a. high-grade...epidermoid or 
occasionally a transitional-cell carcinoma. The gross appearance \nt first 
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presents merely, a local induration; this may develop into a warty mass 
with early ulceration^ hut often the tumor takes a form of a deep infiltration 
and ideeration may be late. The malignant ulcer is characteristically hard 
widi raised, indurated, rounded edges. Ejrtensive necrosis, sloughing, 
destruction, and" secondary infection . constitute the finish of the picture. 
'riic viicro.wipic a'p'pmnnice has already l)een indicated, i. e., epidermoid or 
transitional-cell (posterior third). Spread is rapid, so that it is of the first 
importance not to temporize \vith a suspicious ulcer or indurated patch on 

the tongue. Time should be 



Flu. 242 —Tuberculosis of tongue 
not yet ulcerated. X 90. 


measured here in days, whereas " 
in a similar lesion of the lip it may 
be measured in weeks or even 
montlis. An immediate biopsy is 
imperative. The most important 
reasons for the rapid spread are: 
(1) the extremely rich lymphatic 
drainage ’of the tongue, (2) the 
constant muscular movements, 
and (3) the high grade of the 
tumor. Lymph spread takes place 
into the submental and submax- 
illary lymph nodes, into the sup- 
erior and inferior deep cervical 
nodes, and even into the supra- 
clavicular nodes. In tumors of 
the posterior third the upper deep 
cer^'ieal group on both sides of 
the neck may be invok. ed. Blood 
spread to distant organs is com- 
paratively rare. 

Tubkkculosis.— For practical pur- 
poses tuhorciilosis of the tongue may 
be taken to be secondary to pulmon- 
ary tuberculosis. It is remarkable 
how uncommon a complication it i.s. 
The squamous epithelium ewclently 
acts as an efficient protection against 
the countless tubercle Iiacilli which 


must pass over it in a case of active 
phthisis. I lu! lesion usually commences as an ulcer near the tip of the tongue with 
siiuious uiuiermined edges, jjale watcry-looking granulations, and an absence of 
tlic induration char;icteii.stic of malignant disease. Meverthele.ss the condition is 
frc'quently mi.'taken for carcinoma. Sometimes it begins as a nodule which ulcer- 
ate.-: later (Fiii. 242). 


I Lci:u^ OK -I Hi; Tongue.— I t is evident that an ulcer of the tongue may be in- 
ffauimatory (sinqile). malignant, syphilitic, or tulicrculous. A simp!i: ulcer occurs 
on the eduo oi tip. is sha.llow and inllamed. and is often a.^.sociated with a sharp tooth 
or jaimcd plate. A nuilignanl ulcer occurs on the edge or center, is jieculiarly hard 
n !t.i niirc-d edges, and may be associated with syphilitic glossitis and enlargement of 
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the regional lymph nodes. A syphilitic ulcer occurs on the dorsum, is serpiginous 
in outline, and is usually a tertiary lesion. A tuberculous ulcer occurs at the tip, has 
undermined edges without induration, and is secondary to pulmonary tul^rcu- 
losis. 

Innocent Tumors. — Angioma forms a soft bluish mass in the tongue, and is 
usually., congenital. Lymphangioma causes a diffuse congenital enlargement 
(macroglossia). Dermoid cysts may occur under the tongue. A thyroglossal cyst at 
the upper end of the thyroglossal duct may form a swelling at the base of the 
tongue. 


THE PHAEYNX 

Many of the lesions of the pharynx have already been discussed in 
connection vith the mouth, but one or two remain to be considered. 

Eetropharyngeal Abscess.— Pus may be formed as the result of suppura- 
tion in the loose tissue between the postei'ior wall of the pharynx and the 
vertebral column. It usually occurs in children sufi’ering from some 
debilitating illness, and comes on acutely with rigidity of the neck, pain on 
sAvallowing, loss of -v'oice, and a tense bulging on the posterior wall of the 
pharynx indicating the presence of pus. In tuberculosis of the cervical 
spine a chronic (cold) abscess may form in the same situation. Lvdtcic/’s 
angina is an acute diffuse streptococcal cellulitis involving the neck and 
tongue as well as the structures at the back of the throat. It usually occurs 
as a complication of one of the streptococcal fevers such as scarlet fever or 
erysipelas. There is a brawny induration of the neck with pressure on the 
trachea and edema of the glottis. The condition usually proves fatal in 
the course of a few days. 

Tumors of the Pharynx.— A malignant tumor of the pharynx is likely 
to be an epidermoid carcinoma, transitional-cell carcinoma, lympho- 
epithelioma or lymphosarcoma. 

Epidermoid Carcinoma.— This may commence in the pharyngeal wall, 
the tonsil, or the soft palate. It produces a characteristic induration and 
soon ulcerates, leading to great destruction of the deeper tissues with second- 
ary infection and a very foul breath. The lymph nodes at the angle of the 
jaw become enlarged and hard. Willis has pointed out that invasion of 
the jugular vein is a fairly common occurrence in epidermoid carcinoma of 
the head and neck with \asceral metastases, especially in the liver. Naso- 
pharyngeal carcinoma is the second commonest cancer in South-East 
Asia, especially amongst the Chinese. Cancer of the hypoplwrynx (post- 
cricoid carcinoma) is confined almost exclusively to women. This is the 
only malignant tumor of the alimentary canal which has this sex incidence. 
It is often preceded over a number of years by a combination of dysphagia, 
dry atrophy of the pharyngeal mucosa, and hypochromic anemia (Plummer- 
Vinson syndrome). Both the anemia and the mucosal change have a dietic 
iron-deficiency basis. The mucosal atrophy seems to act as a precancerous 
lesion. Adequate treatment of the anemia with iron may therefore prevent 

the onset of the cancer. ^ ^ 

Transitionalr-ccll Carcinoma and Lympho-epithelioma.— There is difference 
of opinion as to whether these tumors are separate entities or are variants 
of the same lesion. The gross character and the method of spread is similar, 
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so that they may be considered together. The tumor arises from epithelium 
covering lymphoid tissue, and originates in the nasopharynx, oropharynx 
and laryngopharynx (sinus pyriformis). Its ehief characteristic is that 
the primary tumor, while still small and undetected, may give rise to large 
secondary growths in the cervical lymph nodes on both sides. The growth 
is centrifugal ratlier than centripetal. ^I’here is often invasion of the base 
of the. skull with involvement of the cranial nerves, particularly the fifth 
and sixth. 4'he groAvth may penetrate the cranial cavity. Secondary 
growths may occur in the lungs and liver at a later date. The tumor is 
markedly radio-sensitive, and the mass in the neck may melt away for a 
time. Micw-s'cnpicdlh/ the transitional-ccll carcinoma is highly anaplastic, 
consisting of sheets of large pale cells showing numerous mitotic figures 
with no attempt at cornification. The lympho-epithelioma presents a 
similar picture, but in addition groups of lymphoeytes are mingled with 
the epithelial cells, or they may be scattered more diffusely among these 
cells. 

LYMPHos.\ncnMA.— This may arise in the tonsil or in the lymphoid tissue 
of the naso-pharynx. The tonsillar cases are at first unilateral. The 
cervical and axillary lymph nodes arc involved, and later the lymphoid 
tissue in the rest of the body. Microscopical}]/ the tumor may be of the 
lymphocytie or the rcticulo-endothelial type. 

THE NECK 

The severe inflavnmdions of the neck (Ludwig’s angina and retro- 
pharyngeal abscess) have already been considered. Boils and carbuncles 
are common on the back of the neck owing to the friction of the collar. 

Cysts.— A cyst of the neck may be mesial or lateral. The former is a 
thyroglossal cyst, the latter may be a branchial cyst or a cystic lymph- 
angioma. 

TnvuouLOssAL Cyst.— T he thyroglossal duct is a vestigial structure 
which passes from the foramen cecum at the base of the tongue to the 
isthmus of the thyroid gland. If a j)ortion of the duct remains unclosed 
a cyst is formed lined by columnar epithelium. Such a cyst must always 
be in the middle line. It is usually below the hyoid bone, but occasionally 
is at the base of the tongue. 

Bu\Ncni.\L Cyst.— This is formed from an unclosed portion of a bran- 
chial cleft, usually the third, and is therefore at the level of the hyoid bone, 
li it arises from the second cleft it lies just below the mastoid process and 
projects into the mouth. The cyst is usually lined by columnar ciliated 
epithelium, b\it when quite superficial it is lined l)y stratified epithelium. 
1 he wall contains much lymphoid tissue. If the outer end of the cleft 
leinains open the condition is a Itrauchial fishila, which opens on the neck 
at the level ol the angle of the jaw. 

( v>'i ic LYMi'u.\NGit)M.\.~’rhe vessels of a lymphangioma may undergo 
m.trkctl dilatation s<» as to form a soft cystic swelling, usually in the anterior 
triangle of the neck, but sometimes in the axilla or on the chc.st wall. It i.s 
a congtaiital cfindition and is usually seen in children, tending to undergo 
>pontaneo\H cure betore adult life is reaeheil, It is sulqect to recurring 
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attacks of iiiflaznmation which probably play a part in the cure by closing 
the vessels. It is known clinically as cystic hygroma (fluid tumor), and may 
attain a very large size. 

Tumors. —Tumors of the neck may be primary or secondary. Primary 
tumors may be accessory thyroid tissue (considered in connection with the 
thyroid gland), lymphoblastoma, branchial cleft carcinoma, and carotid 
body tumor. Secondary tumors are examples of carcinoma. Salivary 
gland tumors are considered separately (see below). 

Lyz^iphoblastoima. —Enlargement 
of the cervical lymph nodes may be 
due to any member of the lym- 
phoblastoma group, i. e., lympho- 
sarcoma, I'lodgkin’s disease, and 
lymphatic leukemia. The disease 
often commences in the cervical 
group involving first one and then 
both sides. Later the lymph nodes 
throughout the body become en- 
larged. In leukemia the blood shows 
the characteristic leukemic change. 

Branchial Cleft Carcinoma.— 

This rare tumor . arises from remnants 
of branchial cleft epithelium. It is verj’- 
much commoner in males than females. 

The tumor forms a very hard mass which 
starts deep in the neck near the bifurca- 
tion of the common carotid artery and 
infiltrates the surrounding tissue. The 
gi’owth is a squamous-cell carcinoma, 
but with little tendency to cornifica- 
tion or cell-nest formation. 

Carotid Body Tumor.— This is a 
firm, round, slowly-growing tumor in 
the bifurcation of the common carotid 
artery. Its firm and circumscilbed 
charactei’ has earned for it the name of 
potato tumor. The tumor may grow 
around the artery, so that the vessel 
becomes embedded in the tumor. It may'' appear to be malignant, but the 
tumor does not infiltrate, and operation is inadvisable as the risk is so great. 
The cells, which are arranged in groups or sheets, are large, gi-anular, and 
polvhedral, and may contain chromaffin substance (Fig. 24.3). The tumor is not a 
chromaffinoma as used to be thought, for the carotid body is not part of the chroin- 



Fig. 243.— Carotid body tumor. 
X 275. 


Tumor of GloisIUS Jugularis.— Although this tumor arises in the vicinity of 
the middle ear rather than in the neck, it may be considered here because of its 
similarity to the carotid body tumor. The glomus jugularis or tympanic gland is a 
tiny structure analogous to the carotid body which lies along the tympanic branch 
of the glossopharyngeal nerve in its course either in the .superior bulb of the jugular 
vein or in the bone canals of the middle ear. It resembles a ball of winding capil- 
larics separated by a delicate stroma containing nmnerous epithehoul cells rich in 
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cytoplasm. The tumor, which closely resembles the carotid body tumor, consists 
of these cells in alveolar arrangement with numerous sinusoidal vessels. It shows 
a strong tendency to recur on removal, but does not set up metastases. There is 
often along history of throbbing and buzzing in the ear with slight loss of hearing. 

Skcoxd.\ry Carcinoma.— Epidermoid carcinoma of the lip, tongue, 
mouth, larynx, and esophagus may metastasize to the cervical lymph 
nodes. 4’he transitional-cell type of carcinoma with a small often undis- 
covered primary growth in the pharynx or nasopharynx and large secondary 
tumors in the neck has already been described. Finally there may lie 
lymphatic spread of carcinoma from more distant organs. Owing to the 
fact that the thoracic duct receives efferents from the supraclavicular and 
lower deep cervical nodes on the left side before it opens into the innominate 
vein, these nodes are often involved in abdominal and thoracic cancer. 
Oastrie and bronchogenic carcinoma are the most frequent primary tumors 
responsible, but even the most distant tumors (ovarian, uterine, testicular) 
may metastasize to the neck by this route. Malignant supraclavicular 
nodes on the right side suggest cancer of the right lung (right lymphatic 
duct). 


THE SALIVAHY GLANDS 

The parotid gland is more liable to disease than the submaxillary and 
sulilingual, so it will be taken as the type. 


Acvtu Ixvl.cnuutiox. -This may i)C suppurative or non-suppurative. In 
■“vitpuradon (lie infection may lie hematogenous as in acute fevers and pyemia. 
Tiiic is rare. Infection from the mouth by way of i'tcnson’.s duct is more common. 
The jms is jirevented from reaching the surface by the dense fascia which covers the 
gland. It may form a retropharyngeal aliscess. 

The non-suppHralivc form is mumps, one of tlic commonest diseases of childhood. 
The gland on both sides is acutely inflamed, swollen, painful, and tender, Tlicre 
is little to lie seen in the gland ajiart from a serous exudate. As there is no suptnira- 
tion or necro.sis, healing is by re.solution and the gland is uninjured. .A similar 
lesion is jivoduced in monkeys by a filterable virus from the saliva of cases of 
munp s. Orchitis (inflammation of the testicle) is a common complication in the 
adult, hut here recovery may not be complete and the testicle may undergo atrophy. 


Mixed Tumors. — 'riiis is tlu* condition commonly called parotid gland 
tumor but, as h may occasionally occur in any of the .salivary glands, in 
the niucous membrane of the mouth, and in the palate, this name i.s un- 
desirable and misU'ading. It is a fairly common slowly-growing tumor of 
i'uriy adult and middle life which begins either in the substance or the 
surtace of the salivary ghind, and may continue to increase in size for many 
year.s, but at any time growth may stop. It is inherently benign, but after 
the usual operative jn-ocedurc (enucleation of the tumor) there is recurrence 
in from 2n to 4') per cent of cases, the tumor then becoming locally destruc- 
tive and invasive. Total e.xcision of the gland with removal of the capsule 
gives intiuitely better results. bt>metiines after growing slowly for many 
years it may take on rapid growth and invade the surrounding tissue. The 
lyniph liodes arc rarely involved unless the tumor has been interfered with, 
it is ti<u:\Ily encaj'sulated, but mav not be. 
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The microscopic aypearcmce is varied and perplexing, for the tumor 
appears to consist of,both.ectodei-mai and mesod.ermal elements. It is for 
this reason that it is called a mixed, tumor. The following elements are 
commonly present in one or other part of the tumor, although it is very 
difficult to find them all combined in a single microscopic field (Fig, 244) ; 
(1) masses of epithelial cells often showing a glandular arrangement, (2) 
mucoid connective. tissue with, evidence .of production of mucin, (3) cartil- 
age, and (4) lymphoid tissue. The cartilage has been the chief stumbling 
block, as it seemed to be mesodermal in origin, while the epithelium was of 
ectodermal origin."' 



Fig. 244. — Mixed tumor of the parotid. Cartilage above, glandular tissue to the right, 

mucoid tissue to the left. X 160. 

The nature of the tumor has long been a subject for discussion. It is 
possible that some of the tumors may arise as the result of the accidental 
sequestration of embryonal cells during the early and complicated develop- 
menrbl the face; such tumors would be true “mixed tumors.” It appears 
probaffile, howe^*er, tliat the great majority are not really mixed tumors, 
but are benign epithelial growths (adenomas) of the salivary^ glands in 
which there is an exaggerated latent potentialitjy of differentiation. The 
difficulty presented by the cartilage is. removed by the discovery that this 
material is, not..true cartilage. The tumor epithelial cells produce mucin, 
and tins constitutes themrigin-of the mucinous “connective, tissue.” This 
mvTiomatous material, which stains well with muci-carmine, is homogenous 
like cartilage, and the cells which it contains, may. lie free in small spaces 
around which there may be a fibrillar condensation, so that a pseudocartil- 
age may be produced. It is also possible that .true cartilage may, ,be formed 
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cytoplasm. The tumor, which closely resembles the carotid body tumor, consists 
of these cells in alveolar arrangement with numerous sinusoidal vessels. It shows 
a strong tendency to recur on removal, but does not set up metastases. There is 
often a long history of throbbing and buzzing in the ear with slight loss of hearing. 

Secoxd.vkv C-\RCIXo:ma.— Epidermoid carcinoma of the lip, tongue, 
mouth, larynx, and esophagus may metastasize to the cervical lymph 
nodes. The transitional-cell type of carcinoma with a small often undis- 
co^■ered primary growth in the pharynx or nasopharynx and large secondary 
tumors in the neck has already been described. Finally there may be 
lyiiprhatic spread of carcinoma from more distant organs. Owing to the 
fact that the thoracic duct receives efferents from the supraclavicular and 
lower deep cervical nodes on the left side before it opens into the innominate 
A'cin, these nodes are often invoh'ed in abdominal and thoracic cancer. 
Oastric ;ind bronchogenic carcinoma are the most frequent primary tumors 
responsible, but even the most distant tumors (ovarian, uterine, testicular) 
may metastasize to the neck by this route. iMalignant supraclavicular 
nodes on the right side suggest cancer of the right lung (right lymphatic 
duct). 


THE SALIVARY GLANDS 

'I'lie parotid gland is more liable to disease than the submaxillary and 
sublingual, so it will be taken as the type. 

.^cvTii IxFLAMM.^Tiox. - This uiay be suppurative or non-suppurative. In 
fiviipurndon the infeetion may lie hematogenous as in aeuto fevers and pyemia. 
This is rare. Infection from the mouth by way of f'tenson’s duct is more common. 
Tlie jms is i)revented from reaching the surface by the dense fascia which covers the 
gland. It may form a retropharyngeal abscess. 

The iwn-suit/nirntirc foi m is mumps, one of the commonest diseases of childhood. 
The gland on both sides is acutely inflamed, swollen, painful, and tender. Tl\ere 
is little to be seen in the gland apart from a serous exudate. As there is no sup]nira- 
tion or jiccj-osis, healing is by resolution and the gland is uninjured. A similar 
lesion is jiroduced in monkeys by a filterable virus from the saliva of cases of 
muni] s. Orchitis (inflammation of the tc.sticle) is a common complication in the 
adult, but here recovery may not be comiilete and the testicle may undergo atrophy. 

Mixed Tumors. - 'I'his is the condition coininnnly called parotid gland 
tumor init, as it may occasionally occur in any of the salivary glands, in 
tile nmeons membrane of the inotitb, and in the palate, this name is un- 
desiraiile and misleading. It is a fairly common slowly-growing tumor of 
early adult and middle life which begins either in the substance or the 
surlaee ot the salivary gland, and may continue to increase in size for many 
years, but at any time growth may stop. It is inherently benign, btit after 
till' usual operative iirocedure (enucleation cif the tumor) there is recurrence 
in from 2U to 4,') per cent of ca.ses. the tumor then becoming locally destruc- 
tive and invasive. Total excision oi the gland with removal of the cap.sule 
give- infinitely better results. Sometimes after growing slowly for many 
tear- it may take on raj’id growth and invade the surrounding tissue. The 
lyiuith nodes are rarely involved unless the tumor has been interfered with, 
it i'^ u-u;dly eucaj’stdated, but mav not be. 
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The microscopic appearance is varied and perplexing, for the tumor 
appears .to„consist. of ..both-eetodermal and mesodernpal elements. It is for 
this reason that it is called a mixed, tumor. The following elements are 
commonly present in one or other part of the tumor, although it is very 
difficult to find them all combined in a single microscopic field (Fig. 244): 
(1) masses of epithelial cells often shoving a. glandular arrangement, (2) 
mucoid comiective tissue, with, evidence .of production of mucin, (3) cartil- 
age, and (4) lymphoid tissue. The cartilage has been the chief stumbling 
block, as it seemed to be mesodermal in origin, while the ejnthelium was of 
ectodermal origim 



Fig. 244. — Mixed tumor of the parotid. Cartilage above, glandular tissue to the right, 

mucoid tissue to the left. X 160. 

The nature of the tumor has long been a subject for discussion. It is 
possible that some of the tumors may arise as the result of the accidental 
sequestration of embryonal cells during the early and complicated develop- 
ment'df the face; such tumors would be true “mixed tumors.” It appears 
probable, howe\'er, that the great majority are not really mixed tumors, 
but are benign epithelial , growths (adenomas) of the “saliyary. glands in 
vbicli there is an exaggerated latent potentiality of differentiation. The 
difficulty presented by the cartilage is removed by the discovery that this 
material is. not., true cartilage. The tumor epithelial, cells produce mucin, 
and this constitutes the origin of the mucinous “connective tissue.” This 
mjoiomatous material, which stains well with muci-carmine, is homogenous 
like cartilage, and the cells vbich it contains may lie free in small spaces 
around which there may be a fibrillar condensation, so that a pseudocartil- 
age may be produced. It is also possible that .true cartilage may be formed 
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from this material. Pr olifer ating celjs .seem to be capable of inducing 
chTiiTges ih adjacent tissues^ so that metaplasia of the stroma of these tumors 
may'givc rise to true cartilage, boheTfat'an'd lymphoid tissue. In studying 
thescrtumors one must separate sharply the neoplastic components which 
comprise the parenchyma from the metaplastic ones which are derived 
fnhn the stroma (Morehcad and Klein). Simard has reported a sweat 
gland adenoma of the palm with a structure identical with that of mixed 
tumor of the parotid. In this case the mucous secretion of the epithelial 
cells had undergone metaplasia into cartilage. 


Helhvig points out the resemblance 
of mixed tumors to the developing 
notochord, and suggests that these 
tumors arc derived from misplaced 
elements of that structure. The noto- 
chord is in contact with the bucco- 
pharyngeal membrane, and on the 
rupture of that membrane the cells 
of the two structures may be inter- 
mingled. It mav b o-noted-that the 
notochord comes intopntimate rela- 
tiorT Tigth the developing parotid 
gland, the submaxillary gland, and 
the ])alate, the three common sites of 
mixed tumors. 

C.xnciNoxiA.— Carcinoma of the 
salivary glands grows rapidly, in- 
filtrates the whole gland, involves 
the i-cgional lymph nodes and sets 
up distant metastascs. It must not 
be assumed from this brief account 
that the outcome is necessarily fatal. 
The tumor may be adenocarcinoma- 
tous, medullary, or anaplastic in type. 

Adenolymphoma . —This rare tumor 
of the salivary glands usually occurs 
in the parotid in the fifth and sixth 
di'cadc.-:. It is benign, slowly growing, well encapsulated, and much com- 
luoiici' in males than females. The microseoi)ic picture is characteristic; 
tubvilar alveoli lined by tall columnar c))ithelium su])j)ortod by an abundant 
lymiilioid stroma with active germ centers (big- 245). There may be cystic 
Spaces with j)aj)illaiy ])rojections. The papillary i)rojection.s may be so i)ro- 
uounced as to justify the high-sounding name of j)apillary cystadenoma lym))h- 
omatosum originally given to the lesion l)y Warthin. A characteristic feature is the 
eiHinojihilic staining of the epithelium which may be very marked. The tumor has 
iis en called an vnkociiioma, because of the suggestion that it may arise from a si)eci:d 
type of cell found in the jiarotid with advancing years characterized by its size 
bulk), and known as an onkocyte. These cells are merely acido[)hilic gran- 
iila! cells wlTuh ari-e from the duets and acini (Meza-Chavez,), so that the term 
otil.u. vtouci ha^ become me.iningle.s.s and .should be dropped. The association of 
c'pulscliutn. e\id.cntly derived from the duet of the gland, and Ivrnjdioid folliele.s i.s 
at !-'st -!zht puzzhn-. Aitii yet this lymidioepithelial as.^ociation i.s not uncommon 
;]i tumors of tiic neck, sue}, us mixed ])aroti<l tumor, lymphadenoid goiter, lyinpho- 



Fig. 245.— Adenolymphoma of parotid 
gland X 100. 
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epithelioma, branchial cyst, and even normal structures such as the thymus. It 
would appear that the cells of the part have the potentiality of differentiating in 
both directions, epithelial and lymphoid (Hicks). 

Mikulicz’s Disease. — This is a rare benign and clrronic condition marked bj'^ 
enlargement of one or more salivary and lachrjnnal glands. Often only one salivary 
and no lachrj^mal glands are involved. As Morgan and Castleman point out the 
normal parenchjnna of the glands is replaced not only by lymphoid tissue but even 
more characteristically by the intraductal proliferation of cells with the formation 
of islands in which both epithelial and more peripheral myoepithelial elements can 
be distinguished. The salivary and lachrymal glands may also be enlarged in the 
course of leukemia or lymphosarcoma. To this condition the rather misleading 
name of Mikulicz’s syndrome has been applied. In such a case, of course, the micro- 
scopic pictm-e will be one of lymphoblastoma. The condition may be regarded as 
a localized form of that disease, but it would perhaps be better to abandon the name. 

UvEO-p.\noTiD Fever. — This is a clinical syndrome characterized by chronic 
inflammation of the uveal tract (iris, ciliary body, choroid) and both parotids. The 
parotids are swollen, and the occasional enlargement of both- lachrymal glands may 
lead to a mistaken diagnosis of Mikulicz’s disease. Irido-cjmlitis and facial paralj’-sis 
arc common. The course is generally febrile, but there is a marked tendenc}'^ to 
siiontaneous recoveiy. The condition used to be regarded as a low grade form of 
tuberculosis, but it is now believed to be a variety of sarcoidosis. 

Salivary Calculi and Cysts.— A salivary calcuhis usually forms in Stenson’s 
duct, and the saliva collects above the obstruction during a meal, causing a cystic 
swelling of the parotid which gradually subsides after the meal. A ramila is a cyst 
of the sublingual gland, and is therefore situated in the floor of the mouth under the 
tongue, where it forms a bluish nodule. Occasionallj^ the submaxillary gland is 
immlved. 


THE ESOPHAGUS 

The common lesions of the esophagus are carcinoma, stricture, and 
dh-erticulimi. 

Carcinoma.— Cancer of the esophagus shoAvs the usual sex incidence c)f 
alimentary canal neoplasms, oxer 80 per cent being in men,- Cancer of the 
hypophar^mx (postcricoid cancer) is sometimes included ivith cancer of 
the upper end of the esophagus; indeed it is often impossible to determine 
in which region the tumor originated. ^Mien this is done the sex incidence 
of upper end tumors is overwhelmingly female. The commonest site is the 
middle where the esophagus is crossed and constricted by the left bronchus, 
followed rather closely by the loAver end. The middle, which is the narrow- 
est part, and the loAA'er end are the regions vdiere irritants (food and drink) 
are delayed longest. The least common site is the upper end, but if cancer 
of the hypopharynx is included, the incidence practically equals that of the 
lower end. The tumor begins as a nodule in the mucous membrane, and 
sometimes grows into the lumen as a bulky mass, Imt usually takes the form 
of a diffuse infiltration which slowly encircles the esophagus and causes 
marked narrowing of the lumen with dilatation of the proximal part of the 
tube. Ulceration of the surface occurs sooner or later, and the growth 
may ulcerate into the trachea, into the aorta with fatal hemorrhage, or into 
the mediastinal tissues Avith gangrenous inflammation. The stenosis gives 
rise to marked difficulty in swallowing. The prognosis used to be hopeless. 
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Init modern surgery can remove the diseased esophagus and provide the 
patient with a new one. The earliest diagnosis can be made ^Yith the aid 
of the esophagoscope. Microscopically the tumor is an epidermoid car- 
cinoma, but usually rvithout epithelial pearls or much cornification. 
Occasionally it may be an adenocarcinoma, which probably arises from 
anomalous glands in the Avail of the esophagus identical Avith the gastric 
glands. 

Spread, as is usual in epidermoid carcinoma, is to the regional 
lymj)h nodes. These may be mediastinal, cer\-ical, or abdominal. If the 
cancer is at the upper end of the esophagus, the cervical as Avell as the 
mediastinal glands Avill be inA'oh'ed; a tumor in the middle of the esophagus 
Avill spread to the mediastinal glands; AA'ith tumors of the lower end, meta- 
stases are formed beloAv the diaphragm in the coelic chain of glands and in 
the liver. 

Stricture.— Stricture of the esophagus may be organic or functional. 

Orrjrniic or cicatricial stricture is caused by scar formation due to the 
swalloAving of corrosi\'e or boiling fluids, and more rarely to laceration 
l)roduccd by impacted foreign bodies. Fibrous tissue is produced as the 
result of the injury usually at the upper or loAver ends, and this becomes 
dense scar tissue Avhieh encircles the esophagus and causes an extreme 
degree of stenosis Avhich it may be A'ery difficult to dilate. The esophagus 
may be narroAved owing to pressure from Avithout by an aneurism of the 
aorta, a tumor of the lung, or a mass of enlarged lymph nodes. 

F%imiiona] or spasmodic stricture or cardiospasin occurs in young men and women 
of ne\ir()tic temperament. The museular sphincter at the lower end of the esophagus 
and the cardiac end of the stomach remains closed and thus preA’ents food from 
entering the stomach. The esopliagus immediately aboA’e the site of the spasm may 
Irecomc dilated and hypertrophied. The distention may become much more ex- 
treme than in organic stricture, because there is more time for it to deA’elop, as the 
patient may live for many years. In middle-aged women and more rarely in men 
there may be djisphagia u'ith anemia (Plummer- Vinson syndrome). Here the 
cricojiharyngeus sjrhinctcr between pharynx and esophagus remains closed and fails 
to o])en during deglutition. The anemia is probably secondary to the deficient 
diet. The mucous membrane of the pharynx and tongue is dry and parchment- 
like. In the roentgen-ray ])icture the lower end of the esophagus presents a char- 
acteristic blunt-jrointed ai)pearance, like the end of a cigar, quite different from the 
apiiearancc in carcinoma. It is jrrobable that both of these forms have a neurogenic 
basis, a preponderance of symi)athetic acth-ity over that of the A'agus. In some 
cases of cardiospasm, inflammatory lesions of Auerbach’s plexus haA'e been found 
at the lower end of the esoi)hagus. It is possible that the condition is rather an 
inrdiility of the sphincter to relax than an actual spasm, to which the name ncliahsia 
(a. not -r vltakisis. relaxation) is applied. This may also be the basis of Hirsch- 
sprung's disease, where a i)ersistently closed rectal sphincter leads to great dilatation 
of the colon in children. 

Diverticula. — A dlAertieuluin of the esophagus may be of the anterior 
or irosterior vtiriety. The pasierior variety is much the conuuoner. It i.s 
roally a pharyngeal rather than an esoirhageal diverticulum, occurring in 
the pimryngeal Avail at its junction Avith the esophagus. It is usually found 
in nien of nuddle age. T'he chief cause is probably prolonged intriijrharyngeal 
jnessuiv due to failure of wiiat ('hcA’alier Jtick.soii calls the “cricopharyugea! 
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pinclicock” to relax during s^-allo’5\'ing. The mucous membrane of the lower 
part of the posterior wall of the pharynx becomes protruded between the 
oblique and transverse fibers of the cricopharyngeus muscle, so that a 
sac is formed behind the esophagus which pushes "that structure forward. 
The condition tends to become steadily worse tlirough the accumulation 
of food in the sac, and pressure on the esophagus may cause difficulty in 
swallowing. The anierior varietj^ occurs at the level of the bifurcation of 
the trachea, and is due to traction of tuberculous tracheobronchial hmiph 
nodes which have become adherent to the esophagus. The posterior form 
is thus a pulsion diverticulum, the anterior form a traction diverticulum. 

Varices may occur at the lower end of the esophagus in cirrhosis of the liver. 
Rupture of these varicose veins may cause fatal hemonhage. Varices may occur 
apart from cirrhosis owing to e.xtensive tumor foimation and other lesions of the 
liver. Sometimes no obvious cause can be found in the liver or elsewhere. These 
cases must be regarded as idiopatluc. R^ipture of the esophagus may be traumatic 
(due to passage of a bougie or esophagoscope), or spontaneous. Spontaneous 
rupture is a rare condition which occurs after prolonged vomiting and is probably 
due to acute inflanmiation of the lower end of the esophagus. The pleural cawty 
is filled with dirty fluid, and the condition is rapidly fatal. Digestion of the esopha- 
gus may be postmortem or antemortem. The former is associated with postmortem 
digestion of the stomach. Antemortem digestion is not uncommon and can be 
distinguished from postmortem digestion by the presence of an inflanmiatoiy 
reaction in the wall of the esophagus. It occurs in postoperative conditions with 
marked vomiting, and is probably due to retention of acid vomited material in the 
lower part of the esophagus. Perhaps a better name is acute ulcerative esophagitis. 
The lesions are ulcerations and the ulcers vaiy in trpe from mere superficial ero- 
sions to deep jjer fora ting lesions. Only the lower part is involved. It may lead 
to rupture, and at autopsy the pleural ca%'ity is filled with stomach contents. 
Leukoplakia is not uncommon in the lower part of the esophagus. Tuberculous and 
syphilitic ulcers are rare conditions. Fibromas and other innocent tumors sometinies 
occur and form pohiri. Sarcoma is very rare. 
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but iiKKlern surgery can remove the diseased esophagus and provide the 
j)atient with a new one. ^ihe earliest diagnosis can be made with the aid 
of the esophagoscopc. Microscopically the tumor is an epidermoid car- 
cinoma, but usually without epithelial pearls or much cornification. 
Occasionally it may be an adenocarcinoma, which probably arises from 
anomalous glauds in the wall of the esophagus identical with the gastric 
glands. 

.Spread.— Spread, as is usual in epidermoid carcinoma, is to the regional 
lymph nodes. These may be mediastinal, cervical, or abdominal. If the 
cancer is at the upper end of the esophagus, the cervical as well as the 
mediastinal glands will be involved; a tumor in the middle of the esophagus 
will spread to the mediastinal glands; with tumors of the lower end, meta- 
stascs are formed below the diaphragm in the coelic chain of glands and in 
the liver. 

Stricture. —Stricture of the esophagus may be organic or functional. 

Oryovic or cicairirud sirictvre is caused by scar formation due to the 
swallowing of corrosive or boiling fluids, and more rarely to laceration 
produced by impacted foreign bodies. Fibrous tissue is produced as the 
result of the injury usually at the upper or lower ends, and this becomes 
dense scar tissue which encircles the esophagus and causes an extreme 
degree of stenosis which it may be very difficult to dilate. The esophagus 
may be mirrowed owing to pressure from without by an aneurism of the 
aorta, a tumor of the lung, or a mass of enlarged lymph nodes. 

FinicUonai or sjnimodic slridrtrc or cardiospasm occurs in young men and women 
of neurotic loiniieranient. The muscular sphincter at the lower end of the esophagus 
and tlie cardiac end of tlie stomach remains closed and thus prevents food from 
eutcriu”; the stomtich. The esophagus immediately above the site of the spasm may 
i)ccunip diluted and liypcrtrophied. The distention nvdy become much more ex- 
trciiH* tiian in organic stricture, because there is more time for it to develop, as the 
patient may live for many years. In middle-aged women and more rarely in men 
tlierc limy lie diisphagia anemia (Plummer-Vinson s}'ndrome). Here the 
cricopharyngeus sphincter between pharynx and esophagus remains closed and fails 
to oiieii during deglutition. The anemia is probalrly secondary to the deficient 
diet. The mucous memlirane of tlie irharynx and tongue is dry' and parchment- 
like. In the roentgen-ray incture the lower end of the esophagus presents a char- 
acteri.stic bhint-])oiiited apiiearance, like the end of a cigar, quite different from the 
appearance in carcinoma. It is probable that both of these forms have a neurogenic 
basis, a prei)nnderance of sympathetic activity over that of the vagus. In some 
cu'ies of cardiospasm, intlammatory' lesions of Auerbach’s jrlexus have been found 
at tlie lower end of tlie e.sophagus. It is possible that the condition is rather an 
in.diilify of the s[)hincter to relax than an actual siiasm, to which the name achalasia 
(a, not i7ia/(i.vis. lelaxatiou) is applied. Tliks may also be the basis of Hirsch- 
spt uug s disease, where a iiersistently closed rectal sphincter leads to great dilatation 
of the colon in children. 


Diverticula. — A dir erticuUun of the esophagus may be of the anterior 
oi piwtt'iioi ratiety. i he posterior variety is much the commoner. It is 
tv-i. \ a j'hatyugi.al rather tlum :iu esopliagcal diverticulum, occurring in 
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pincBcock” to relax during s^i^-aIlo'^^-ing. The mucous meml 
part of the posterior wall of the pharynx becomes protrii 
oblique and transverse fibers of the cricopharyngeiis n 
sac is formed behind the esophagus which pushes that st 
The condition tends to become steadily worse through 1 
of food in the sac, and pressure on the esophagus may c 
swallowing. The anterior ’\’^ariety occurs at the level of t 
the trachea, and is due to traction of tuberculous trachec 
nodes which have become adherent to the esophagus. Tl 
is thus a pulsion diverticulum, the anterior form a tractic 

Varices may occur at the lower end of the e.sophagus in cir 
Rupture of these varicose veins may cause fatal hemorrhage, 
apart from cirrhosis owing to extensive tumor formation and c 
liver. Sometimes no obvious cause can be found in the liver or 
cases must be regarded as idiopathic. Rupture of the esophagm 
(due to passage of a bougie or esophagoscope), or spontanc 
rupture is a rare condition which occurs after jjroionged vomiti 
due to acute inflammation of the lower end of the esophagus, 
is filled with dirty fluid, and the condition is rapidl}' fatal. Dige. 
gus ma}’’ be postmortem or antemortem. The former is a.ssociatei 
digestion of the stomach. Antemortem digestion is not uncoi 
distinguished from jjostmortem digestion bj’’ the presence o: 
reaction in the wall of the e.sophagus. It occurs in postoperati 
marked vomiting, and is jjrobablj" due to retention of acid ^'omi 
lower part of the esophagus. PerhajDS a better name is acute ulc 
The lesions are ulcerations and the ulcers vaiy in type from n: 
sions to deep perforating lesions. Onlj" the lower part is invo 
to rupture, and at autops}' the pleural caA'it}’- is filled with 
Leukoplakia is not uncommon in the lower part of the esophagus 
syphilitic xdeers are rare conditions. Fibromas and other innocen 
occur and form polypi. Sarcoma is very rare. 
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THE STOj\rACIT AND DUODENUM 


GASTRITIS 

Tnflam^iation of the stomach, either acute or ehronic, is due to the 
action of irritants. But the irritant does not necessarily act on the surface. 
TIic most important part of the gastric mucous membrane' is not the 
surface epithelium hut the deep portion containing the gastric glands, and 
this dccji portion is more likely to be reached by an irritant carried by the 
blf)od stream than by mere surface irritation. The causes of gastritis are 
not very certain, but they may be divided into; (1) surface irritants such 
as alcoliol, irritating foods, and corrosive poisons, and (2) blood-borne 
irritants, c. //., bacteria. 

Acute Gastritis.— Surface irritants may readily cause an acute gastritis, 
uhich must be jiresent 'tb-'satin'C’cxtent'after every severe alcoholic bout, and 
is largely responsible for the “morning after” feeling. It may also occur 
in the acute fevers. The mucosa is reddened' and shows as a rule merely 
eattiVrhal change's. It is difficult or impossible’ to separate^thesg.frpm the 
])ostmoriem changes which invariably occur as 'thVre’sifltbf digestion unless 
formalih b’e’inje'cted intq tho abdominal cavity immediately after death, 
iiruliicli ease the gastric mucosa is as fresh and well fixed as if it had been 
remo\-ed at operation. The action of jxnsons on the stomach has already 
been considered in ('hapter 13. It may be repeated here that carbolic 
acid coagulates .and. fixes the, mucosa perfectly, the corrosive acids produce 
destruction and...often perforation, and the caustic alkalis cause necrosis 
with marlu'd softening so that here also perforation may occur. Memhrun- 
<iu.s iiiiftiriiif; and ])l!lt'(pii()}iuiis (i(tstrili'< are rare conditions in which there is 
extensive invasion of the. .stomach tyall by bacteria, often streptococci, 
with violent inHannuutum,ju.ul_necrosis over a wide area and to a great 
depth. 


(’intoNic Ctc.-iTiiiTis. — Tlio causes of chronic gastritis are not well understood. 
Alciihdl i- always incriminated, hut in gastroseopie exainination.s made by Gray 
and ?chiivdh>r on 100 alcihnlic addicts who had consumed an average of 2.S pints 
of .'licohui daily foi- moie than twenty years, the stomach was essentially' normal in 
.1.1 pe[- cent, nor wa'^ any correlatiou oliserved between the incidence or severity' of 
the ea^tviti- and the duiatioii of tlie alcoholism or the amount of alcohol (‘onsumed. 
Almu't i ieufical findings are reported hy Berry. The disease takes two fnrm.s, 
liyp.” toiph.ir and atiopiiic. II if/x rlrophir is the eommoner of the two. 

li.eic is marked tSiii'kt'iiiiiu: of the mucosa, especially in tlie ))vlnric region. The 
.-'u knsa bciMnu-s <,Uvided into Hftleaieas so as to have a finely nodiilar aiipearance, 
; (oii.atM'i kimwu as iihimtmlotinL The polypoid formation known as gns- 
I • 1' m-oplastic rather than inflammatory and will be considered in con- 
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nection \\4th, tumors. Microscopically the glands of the mucosa are separated . by, a 
diffuse infiltration of lyn^hocytes, plasma ceils, and eosinophils, \\itira vai-jfing 
degree of jabrpsiriirthe submucous coat. The glands suffer’ and atrophj^, some 
become cystic, but most of them disappear, so that the mucdsals a mass of' granula- 
tion tissue covered Ijy epithelium rather than a parenchymatous stracture. Such 
a-mucous membrane cannot be expected to, secrete hydrochloric. acid, so that 
achjdia gastrica develops. 

AlfopTnc'gastfiiis maj probably be a seguel to.the hj’^Dertrophic form or may de- 
velop""ihdependehtly. It is often associated uffth constitutional' disturbances-, - 
e-speciaily perhicidus anemia . The mucosa is markedly thinned, the glands atrophic 
and \Yidely separated, the muscle fibers attenuated, and all the coats more or less 
fibrosed. An mtestiiurLty43fi,Qlfip.ii]ieJ.un)rj3iay.^ much.oithe-gastric.mi.icpsm_.. 
As the secreting .membjnxtejs. so. atrop hic, achyliagastrica is always marked. 

Effects of Gastritis. — Chronic gastritis in the pyloric region may give 
rise to the classical symptoms of gastric ulcer, i. e., hunger pains, h^’per- 
secretion,,and delayed emptying and stasis, but when gastrectomy is done 
no ulcer, is found. European investigators find that gastric ulcer iind chronic 
gastritis are frequently associated, and believe that the gastritis. precedes 
thejjlcer. In surgical material it is certain!}^ the case that some degree of 
gastritis is almost always present in gastdcjmd-duodenal ulcer. IMien the 
gastritis is at all diffuse there is likely to he achylia gastrica. This is a very 
common consequence of chronic, alcoholism, especially in elderly, persons. 
Achylia may be due to hematogenous infection in the infective fevers such 
as. iafluenza, and typhoid, and may persist for years afterward. It occurs 
in pver:,30 per. cent of cases of pulmonary tuberculosis, and in many cases 
pfjtlie, pi’^gnancy. Complete achylia is always present in pernici- 

ous anemiahnd usually in cancer of the stomach. 

PEPTIC ULCER 

Tlie stomach and the first part of the duodenum are both derived from 
the foregut, are both supplied with blood from the cceliac axis, and are both 
bathed by acid gastric juice, as the alkaline bile and pancreatic secretion 
flow jntp the second part of fheiduo'denum'. Ulcer of the duodenum is for 
practical purposes ulcer of the first part, and as gastric and duodenal ulcers 
are essentially the same in their pathology and are dependent for their 
production on the peptic juice, they may be considered together under the 
heading of peptic ulcer. Peptic ulcers also occur on the jejunal side of a 
gastro-enterostomy and in IMeckel s diverticulum. 

Etiology.— The' cause of peptic ulcer has long been a matter of debate, 
nor has any agreement yet been reached. The Auews may be summarized 
by saying (1) that the digestive power of the gastric juice may be so in- 
creased that it corrodes the normal healthy mucosa, or (2) that the damaged 
mucosa cannot resist the action of the normal hydrochloric acid and pepsin. 
It can be said here that high acidity for long periods, especially at night 
when the stomach has emptied its contents into the duodenum, may 
possibly explain duodenal but not gastric ulcer. A biopsy taken through 
the gastroscope heals as quickly when the acidity is high and continuous 
as in cases of achlorhydria. The ulcer is produced by the action of the 
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gastric juice, but no one has explained how it is that the stomach does not 
' digest itself. Living healthy tissue evidently resists digestion, for when 
kidney or spleen with circulation intact are introduced into the stomach 
they are not digested, even when the cut surface is exposed to the gastric- 
juice for weeks or months. A peptic ulcer, and in particular a chronic 
ulcer, is the result of the continued action of the gastric juice on an area 
of mucous membrane which is presumably of lowered resistance. The 
real difficulty is to decide the cause of the lowered resistance. There are 
three principal views: the infective, the chemical and the neurogenic. 

A plausible and popular theory is that hematogenous infection with 
organisms of low grade virulence may cause inflammatory foci in the 
stomach wall leading to necrosis with subsequent digestion and ulcer 
formation. In a large series of cases Hebbel found that an atrophic gastritis 
(gastritis leading to atrophy) affecting the anj^im was an invariable 
accompaniment of gastric and duodenal ulcer. '^It seems reasonable to 
suppose that the gastritis precedes and is the anatomical basis for the 
development of ulcer, and that chronic ulcer does not develop in a healthy 
nuicosa.'''Gastritis is not nearly so frequent an accompaniment of gastric 
carcinoma, nor is it confined to the antrum. 


Cushing revived the neurogenic theory that abnormal vagal impulses 
from the hypothalamic region of the diencephalon are responsible for 
vascular spasm and ischemia Avhich cause the initial area of necrosis. Ulcer 
may complicate tumors and inflammation of this region. It is undoubtedly 
more common in the nervous high strung patient, in whom worry and strain 
nuiy precipitate an attack. The neurogenic factor is the most important 
single etiologic agent in many cases of ulcer. Indeed the e.xperimental and 
clinical observations of Dragstedt suggests an intimate connection between 
the neurogenic and chemical theories, for the hypersecretion of gastric 
juice in ulcer patients appears to be due to a continuous hypertonus of the 
gastric secretory fibers in the vagus nerves. The paramount importance 
of this factor is emphasized by the spectacular therapeutic results which 
may follow bilateral division of the vagus nerves (vagotomy), the gastric 
secretion being greatly reduced and the ulcers tending to heal. It may be 
noted that vascular density of the mucosa is lower in the ulcer area than 
elsewhere in the stomach, as shown by mieroradiographs of material in- 
jected with a contrast medium (Doran). 


.\ecording to the clinuicat theory the essential factor is the action of 
excels a^-id. Hyperacidity is a constant accompaniment of peptic ulcer 
in the early stages, although it may disappear in old chronic idcers. The 
iaet that the ulcer occurs in non-acid-producing mucosa although in 
nnniediatc juxtaposition to acid-producing mucosa must he significant. 
Ol even greater significance is the fact that peptic ulcer occurs in a Mcchers 
fliverticulum containing acid-producing gastric mucosa. Food, which is 
the normal stimulus for the formation of gastric juice, is the chief 
aceiit which protects the tissues against its corrosive aetixities. Also 
protcctiu';t the stoniaeh and duodenum are the pancreatic juice, gastric 
mucus, duuden-al jtnee and bile. It is iinj)ortant to remember that the 
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damage may be expected. T.liis damage may be better ^^sualized when it 
is recalled that between 2,000 and 3,000 cc. of gastric juice are secreted in 
the space of tu ent\ -four hours. 0 he night secretion is reduced by vagotomy 
to the extent of 50 per cent. 55 orry and nervous strain are associated 
with hyperacidity, perhaps explaining the prevalence of ulcer amongst 
surgeons. It has already been pointed out that the ulcer patient is fre- 
quently nervous and high strung. Food which causes hypersecretion mav 
lead to the formation of ulcer. Thus in Abyssinia, where peptic ulcer is 
extraordinarily common, a fa\'orite and uni\'ersal sauce contains 50 per 
cent cayenne pepper (Bergsma). The experimental injection of histamine, 
which stimulates gastric acidity, results in the production of ulcers, especi- 
ally when the histamine is implanted in beeswax to prolong its action. 
In severe burns histaminoid substances are produced, and it has long been 
known that such burns may be accompanied by the formation of acute 
ulcers in the stomach and particularly in the first part of the duodenum, a 
condition known as Cvrling’s ulcer. This type of ulcer is found in 12 per 
cent of dogs in which large burns were produced. The subcutaneous 
injection of posterior pituitary extract produces acute hemorrhagic lesions, 
whilst repeated injections produce chronic ulcers of the peptic ulcer type 
(Dodds). If the stomach contents are rendered alkaline, injection of 
pituitary extract fails to produce ulcers. The most eflective method of 
inducing an ulcer to heal, provided it is not too chronic, is by neutralizing 
the gastric acidity, especially by means of the continuous drip method. 
All of these facts point to the paramount importance of gastric acidity in 
the production and maintenance of peptic ulcer, although they do not 
prove that some additional factop-.may not also be operative. 

That food deficiency may play a part in some regions is suggested by 
the extreme frequency of duodenal ulcer in Southern India, particularly 
Trnvancore (Somervell)., In this district food consists of rice and curry, 
poor in all the vitamins, particularly A and Bo. In some parts of India, 
such as the Punjab, where the diet is rich and well-balanced, peptic ulcer 
is singularly rare. 

In spite of all the theories peptic ulcer still remains a mystery. 55'e 
cannot explain the site, nor the sex incidence, nor why there has been an 
apparent shift from the stomach to the duodenum, from women to men, 
and from youth to middle age. 

■ Symptoms. — The chief symptom of peptic ulcer is pain which is relieved by the 
taking of food. In duodenal ulcer the sequence is food— comfort— pain, whereas 
in gastric ulcer it is usually food — comfort — pain — comfort. The sequence may be 
repeated for weeks or months; then there may be a period of freedom, only to be 
followed by another attack. Hemorrhage, perforation, and obstruction due to 
pyloric stenosis are important complications. 

Lesions.— It is not easy to determine the true relative frequency of 
chronic gastric ulcer as compared with duodenal ulcer. Surgical statistics 
show that chronic ulcer is much commoner in the duodenum. In the 
Toronto General Hospital out of 875 cases of chronie ulcer coming to 
operation 70 per cent were in the duodenum and 30 per cent in the stomach. 
It must be remembered, however, that the surgeon sees a special class of 
cases, those in which sjunptoms of obstruction form a prominent feature. 


452 


THE STOMACH AND DUODENUM 


In the uutopsy material of the suuic hospital gastric ulcers 's^ere nearl\ 
twice as common as duodenal. On the other hand Hurst and Ste^^art 
found duodenal ulcers somewhat more frequent in their autopsy 
material. 

The sex incidence of peptic ulcer has shown a notable change during the 
past half century. In the earlier part of this period Alsted found that in 
Denmark the incidence of males to females was 1 to 5; by the beginning of 
the century it was 1 to 1; in the decade from 1920 to 1930 it had risen to 
3 to 1. This is due to the increased frequency of duodenal ulcer, which is 
commoner in the male. Acntc ulcers may Occur in any part of the stomach. 
They are usually shallow, more of the nature of erosions, but occasionally 
they may perforate the whole thickne.ss of the wall. The chronic peptic 
ulcer is much more localized. Duodenal ulcers are practically always 
limited to the first part of the duodenum, usually on the anterior wall so 
that perforation is relatively common, as the ulcer in this position cannot 
Ix'come adherent to the abdominal wall. The vast majority of ulcers occur 
along the line f)f the lesser curvature or in close proximity to it. It is rare 
in the region of the cardia, in the fundus and on the greater curvature, and 
is uncommon in the pyloric canal (about 1 inch in length). The site of 
election is between 2 and 4 inches from the pylorus, whereas cancer is 
commonest in the juxtapyloric portion. Sometimes the ulcer is placed 
astride the lesser curvature (sciddle-slKipcd ulcer). \Yhen such an ulcer 
heals the stomach will he divided into two parts, a condition known as 
hour-gloss stomach. The fundus glands produce acid, whereas the glands 
in the jiyloric (largo) and cardiac (small) zones do not. The line between 
the acid and non-acid-produeing areas is knorvn as the acid line. The 
zone of pyloric glands, and therefore the acid line, reaches much higher on 
the lesser than on the greater curvature. The line varies considerably 
in position in dili'erent stomachs, and can readily he determined by opening 
the stomach along the greater curvature and taking blocks of tissue along 
the lesser curvature. 

Pej)tic ulcers do not arise in the area of acid production. They are 
formed immediately on the pyloric side of the varying acid line. It is of 
parlieiilar interest to note that peptic ulcers in Yleckel’s diverticulum are 
situated in the intestinal type of mucosa, not the heterotopic acid-producing 
mneosa. 


3 he (ja.yfric ulcer is usually single but may be multiple (5 to 10 per cent). 
It is shaped like a funnel, jienetrating the muscular coat sometimes as far 
as the peritoneal surtaee (Fig. 2-l()). Small ulcers tend to be circular and 
larg('r ones oval. The sides are generally sloping but may be steep; the 
cardiac side of the ulcer is .steeper than the pyloric. The edge is raised, 
often overhanging, and the fio(»r is hard and indurated. 3'he larger the 
uleer. the more likely is it to be malignant. Most simple ulcers are le.ss 
than 1 iimli in diameter, but some may attain a much larger size. On the 
periiont'a! surface the presence of the ulcer is indicated by pallor and well- 
marla d induration so that it can be felt better than seen. 

A lAr, r situated in the first part of the duodenum, or more 

s|Hynie.illy the duothaial I)nlb (pyloric cap), is usually small and associated 



PLATE XI 



Chronic Peptic Ulcer 


Both tho nnisciilaris nmeoste and the muscular coat arc replaced by scar tissue, (.\niline 

blue connect ive-ti.ssue stain.) 
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formed between the ulcer and the pylorus. In very chronic and especially 
in healed ulcers cicatricial contraction may shorten the distance between 
the pylorus and the papilla from the normal 8 to 6.5 cm. or less. 

Microscojncally in well-fixed surgical materijil four zones can be dis- 
tinguished in the floor of the ulcer (Fig. 247):. (1) an inflammatory zone 
consisting of fibrin and polymorphonuclear leucocytes; (2) a zone of necrotic 
granulation tissue; (3) a. zone of living granulation tissue; (4) a zone of 
dense scar tissue which forms one of the ihost important features of the 
ulcer, (Plate XI.) It extends 


in the submucosa for some dis- 
tance under the intact mucous 
membrane, and materially in- 
terferes with healing in prevent- 
ing the approximation of the 
edges (Fig. 248). When a chronic 




Fig. 24G.— Peptic ulcer. Thi.s i.s a. 
characteristic e.\am])le of an innocent 
ulcer of the .stomach. 


Fig. 247.— Pejitic ulcer .showing zones 
of necrosis, granulation tissue, and 
fibrosis. X 200. 


peptic ulcer reaches a certain stage it simply cannot heal. There is nearly 
always greater destruction of the muscular coat than of the mucosa. 
Evidence of active inflammation in the shape of dilated vessels and foci of 
chronic inflammatory cells can be seen even in the most quiescent scar 
tissue, showing that irritation is still going on.- The vessels are often nar- 
rowed by very marked endarteritis obliterans. At the margin of the ulcer 
there may be evidence of epithelial proliferation in the form of down- 
growths/and glandular tissue may be found beneath the muscularis mucosm. 


454 


THE STOMACH AND DUODENUM 


These changes are apt to be -^^Tongly interpreted as indicating carcinoma. 

Healing.— Acute ulcers and erosions heal rapidly and easily. Chronic 
ulcers may also heal though ^vith difficulty. It appears likely that an 
ulcer may heal, recur, break do^vn, and heal again, ith each recurrence 
becoming deeper and more fibrotic. Healing is interfered with by (1) the 
acid gastric juice, (2) the necrotic layer on the base which covers the granu- 
lation tissue and provides no footing for the ingrowing epithelium, and (3) 
the dense scar tissue which prevents approximation of the edges. Micro- 
ficopiraUy the leucocytes and necrotic tissue disappear, the ulcer becomes 



Fig. 248.— Peptic ulcer. The submucosa is extensively fibrosed. There are large col- 
lect ion.s of inflammatory cells far below the surface of the ulcer. 


filled with healthy granulation tissue, over which the mucosa grows as a 
single layer of flat cells which later become typically columnar and form 
tubular glands. The young mucosa! cells are at first very fragile and easily 
destroyed by the passage of gastric contents over the ulcer. 


The Relation of Symptoms to Lesions. — The great symptom is pain, relieved 
by the takiiu: of food and alkalis. It is wiien the stomach is empty that the 
jKiin i.^ severe, .^o that the patient may have to get up in tlie middle of the 
night to eat a biscuit or drink a glass of milk. There are two possible explanations 
of the pain, both of which have warm supporters. (1) It may be due to the acid gastric 
juire ta t'.ng (>n the law .surface of the ulcer. As the acidity is neutralized by food 
*'! a.lke.lt^ the ])ain become.-^ rclieve<l. hen the ulcer becomes jicrforating the pain 
i' no liingr! ulicvc'l by alkali-^. (2) Tiie pain may be muscular in nature and uncon- 
!ic ‘tc'l \,5t!i tl'ic action ut the acid jni'-e on the ulcer. Tiio inflanunatory foci in the 
mn-'cl aiv cjv,- rw- to c<intraction.'; in the neigliborhood of the ulcer and especially 
-it t;.c jiMiirii'. Ibc'C iucrea.se the intragastric (iressure and tlie tension of the 
c'Uc iv ai'cl tills incre.ise is reflected in the sensation of pain. 
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A patient may present a tj^ical history of peptic ulcer, yet operation may reveal 
no lesion in the stomach or duodenum. These organs receive the same double 
nerve supply (synipathetic and paresjunpathetic) as the other abdominal organs, 
and the possibility of reflected painful sensations must be borne in nrind. The 
stomach is like a sensitive recemng set which tunes in to distant stations; at the 
same time it is an amplifier and loud speaker which magnifies am* notes of distress 
it may receive. Not only may all the symptoms of ulcer be present without an 
ulcer, but a well-developed ulcer may be present without symptoms. These facts 
do not make the task of explaining the clinical pictui'e any easier. 

The other symptoms are rather in the nature of complications. Hemorrhage is 
very common. It is due to erosion of a r^essel in the floor of the ulcer. If the hemor- 
rhage is severe the blood null be vomited; when the blood has been retained in the 
stomach and altered by digestion the vomitus will have a brown (coffee-ground) 
appearance. If the hemorrhage is slight it may only be detected in the form of 
occult blood in the stools. Minute erosions may cause oozing of blood from the 
mucosa (gastrostaxis). Perforation is more likely to occur in ulcers with a verj" 
short history in which there is rapid penetration of the muscular wall. In ulcers 
of long standing there are likely to be adhesions between the rilcer on the posterior 
wall of the stomach and such organs as the liver and pancreas. The long-continued 
administration of cortisone has increased the danger of perforation. As duodenal 
ulcer is commoner on the anterior than the posterior wall, perforation is more likely 
to occur in this form of peptic ulcer. Cicatricial contraction at the pylorus will cause 
pjdoric stenosis and great dilatation of the stomach. If the ulcer is on the lesser 
curvature the scar tissue may pull upon the greater curvature causing the con- 
striction characteristic of hour-glass stomach. 

iSlALiGNANT Ch.\nge IN Gasteic Ulcer,— On this important question 
much difference of opinion exists. The matter is important because the 
outlook on treatment (medical or surgical) is so much influenced by the 
answer to the question. There is no doubt that a chronic peptic ulcer map 
become carcinomatous, just as an ulcer in any part of the body may undvvgo 
malignant change. The important question is, how often does this oc. ur’? 
The difference of opinion depends largely on different interpretati'>!,> of 
the microscopic appearance. To one pathologist the presence of i">iated 
abnormal epithelial cells and aberrant tubules in the neighborly T of a 
tumor spells carcinoma, while to another they are the result of lii portion 
produced by the contracting fibrous tissue or merely part of the r. .^ uerative 
process. In examining a malignant ulcer the following point-, would be 
in favor of it representing a malignant change in a peptic iih-, r: (1) the 
edge is carcinomatous but not the base, for the latter is dense! ; fibrous and 
resists invasion by carcinoma cells; (2) marked endarteriti- . .o) complete 
destruction of the muscular coat and its replacement by fibrous tissue: 
(4) fusion of the muscularis mucosm and the muscular ei >at at the margin 
of the ulcer due to healing. 

The site of election of the lesion suggests that malignant change is not 
of common occurrence. The majority of cancers are sit u ated at the pylorus, 
whereas the majority of ulcers are from 2 to 4 inches from the pylorus. 

The clinical evidence is as important as the pathological. The true u ce 
cases have a history of many years^ duration, whereas in , r^'vr.tlwrc rs 
usually a history of only a few months’ gastric disturb- 
often remarking that previously he was “able to dig*..^' 
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were often preceded by ulcer tlie reverse would be the case. Finally , ulcer 
of tlic duodenum is very common and cancer of the duodemun is extremely 
rare. Occasionally the'symptoms of ulcer may change into those of cancer, 
the pain Irceomin'g continuous and losing its relation to food. The most 
reasonable figures appear to be as follows: about 5 per cent of chronic gastric 
ulcers become malignant, while about 20 per cent of gastric cancers arise 
from a preexisting ulcer. 

Si;coxi)ARY .Tmc.xAL UncKit.— After the operation of gastro-enterostomy for 
pei^tic ulcer a secondary ulcer may develo]) at the gastro-jcjunal junction or in the 
efferent looj) of the jejunum within a few inches of the opening (stoma ulcer). This 
lias all the char.actors of a pei)tic ulcer. It is caused by the unaccustomed action 
of the acid gastric juice on the mucosa of the jejunum, together with some accessory 
factor such as local injuiy of the mucosa due to the presence of an unabsorbable 
suture. 

TUMORS OF THE STOMACH 


Cancer of the Stomach.— Curcinoraa of the stomach is the commonest 
form of malignant disease affecting the internal organs. In Great Britain 
it is nearly three times as common as cancer of the uterus and twice as 
eonnnon as cancer of the breast. Aloreover, on account of its remarkable 
silence the eure-rate is the worst in malignant disease. About one-half of 
Imman eaneers oceur in the alimentary canal. Such cancers are very rare 
in all otlier scries of animals. Thus in 142,000 mice only 15 had cancer of 
tiic stomiuT at autopsy (Wells). In the past it has not been possible to 
j)rodviec this very common form in the experimental animal, but squamous 
eel! carcinoma of the forestoraaeh of mice has noxv been caused by the ad- 
ministration of carcinogenic hydrocarbons dissolved in olive oil (Stewart 
and Ivovenz). The disease is much more frequent in the poorer classes 
tlian among tiie well-to-do. Tlu\s in England it is three times commoner 
amongst the poor. 'I'hc geographic incidence is also of interest. In Britain 
tl)e iueideuee is 22 jrer cent c)f all cancers in men, in America 42 per cent, 
ill Ihiilaiid .55 per cent, in Cv.eehoslovakia 66 per cent. These dilVerences 
arc prolialily tine to diilerent habits in eating, drinking and chewing tobacco, 
pos-.ib!y also to dental hygiene. All of these may lead to chronic gastritis, 
which is pruhalily a jweenneerous condition of importance. It may be 
uot<*d that the incidence is high among stokers and barmen, but low among 
clergymen. Pcrhaj)s tlie most remarkable fact in the geographic pathology 
ol gastric careiuoma is the almost complete absence of the disease amongst 
the Malays vd lava ami htimatra, whereas primary cancer of the liver heads 
tlic list ui malignant disease amongst these jjeople (Bonne). Gastric ulcer 
is equally rare. On the other hand amongst the Chinese of those islands 
•I'tli gastric cancer and gastric uieer are common, although surpassed in 
tills respect hy cancer of tlic liver, rernieious anemia seems to be a pre- 
ilisposing cause, now tirat patients no lunger die of that disease. I'lie nsiiai 
age permd is aliMut sixty, hnt it may occur mucli earlier. The eonmion site 
is the pvlene fegum. About 6(1 per cent occur in this jmsitioii, 20 per cent 
aioiig the k-svi-r curvature and at the cardiac end, while most of the remain- 
imr JO per c at arc along the greater curvature. This distribution should 
be enmparei with that of pepti., ulcer. '11, c (,uestion of the relation of 
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of carcinoma to simple ulcer has already been discussed. About 5 per cent 
of chronic gastric ulcers may develop into carcinoma. 

SYMPXOiVS.— The cluef vsymptoms are dyspepsia in a man in the cancer age 
period who has previously liad a good digestion, io.ss of appetite, with pain as a late 
manifestation. The gastric contents show absence of free h 3 xlrochloric, presence of 
lactic acid and blood. Loss of weight and marked anemia are among the general 
symptoms. 



Fig. 249.— Polypoid form of carcinoma of stomach. (Boyd's Surgical I’aihology.) 



Lesions.— The gross appearaiwe varies greatly. (1) 4 he tumor may 
form a large, soft, fungating mass which projects into the lumen of the 
stomach like a mushroom. Ulceration of the surface gives rise to iiifection 
and hemorrhage. This may lie called the pnpiJhiry form (Fig. 249). (2) 
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IVIore often the tumor is only sliglitly elevated and early becomes ulcerated. 
The edges of the ulcer are raised and rounded, and its diameter may be 
much greater (above 2.5 cm.) than that of the usual peptic ulcer, although 
there are exceptions to this rule. This varietj- is the excavating form 
(Fig. 2.50). A simple ulcer vhich becomes malignant belongs to this group. 
O'hc cut surface shon’s marked thickening of the wall with yellow flecks of 
necrosis, iind sometimes nodules on the serous surface. (3) The diffnsc 
wfiftralvHj form , in which no real tumor is seen lint a great thickening of 
the .stomach wall. This may be local or diffuse. The local form occurs at 
the ])ylorus, where there is a dense ring of sclerotic tissue which causes 
great pyloric stenosis and marked dilatation of the stomach (Fig. 251). 



Fig 251— Carcinoma of the .stomach. This is an example of the local pyloric form 

the infiltmtinp; variety. 


i lie eut surlaee is greatly thickened and densely hard. The diffuse variety 
known as liiutis jdnstiea, cirrhosis of the stomach, and leather-bottle 
stomach. The entire stomach is involved; it is very small atid very thick 
walled. 'J'he normal stomacli is tibout 12 inches long and contains 40 
ounces; the leather-bottle stomach may only measure 4 inches and conttnn 
only 4 ounci's. Tin- wtil! inay J>e an inch thick. The walls of the stomach 
arc peculiarly still and rigid. Ihere is no ulceration of the surface, but the 
nuKo>a b lirmly tacked down to the tuiderlying muscular coat. The 
stmnach is involved from the cardia to the fundus; the thickening stops 
ai.ruptly at the pyloric ring and tloes not invade the ducdcmim. On the 
other hand u may invade far into the e.so];hagus. In the diffu.se form it 
.Hi.} H c.i fault lo donK>n'^trutc any cancer cells, most of Avhich sccni 
to die out . so that the condition is of low malignancy. 

■ u/'penrumr varies considerably.* Although the stomach 

am t. a! oig.m. eaneer frequently fails to form even rudimentarv 
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glands The rails are usually arranged in cords or masses, or seen as 
isolated cells. Tins is in marked contrast to cancer of the bowel in which 
an adenomatous arrangement is nearly always well marked. The poh-noid 
(less malignant) form is likely to show the best examples of 4andu}ar 
arrangement (Fig, 252). The normal mucosa is replaced by atx-pical 
glandular tubules which penetrate the museularis mucosai, spread wideh' in 
the submucous coat, and may finally appear on the serous surface. The 
glands are lined by one or set eral layers of cells with large hyperchromatic 
nuclei so that the tubules appear muth darker than the surrounding normal 
ones. In other cases the tumor is more anaplastic, glandular acini are 
poorly formed or completely absent, and the cancer cells are arranged in 



Fig. 252. — Carcinoma of stomach. The rudimeniary giaiKh to che left are hi^dily 

malignant in type. X odO. 


masses or in single columns separated Iiy a dense stroma of the scirrhous 
type. Such a picture is more likely to be seen in.uicerocarcinoma. The 
most extreme anaplasia is met with in the diffuse, infiltrating larieti , but 
in spite of tlie anaplasia the tumor is not of a high gj'adc of malignancy. 
Here there is no attempt at gland formation, and the indhddual cells or 
clumps of cells are lost in a scar-like stroma so dense that it appeals to le 
strangling them. Many of the cancer cells contain di'oplets of mucin ^'hich 
can best be demonstrated with the periodic acid-Schiff stam, a va ua e 
raethoL of identifying malignant cells ernbedded in dense fibious tissue^ 
Mdien the mucin production is excessive the tumor is con\ erted m o a so 
gelatinous mass; this variety is called mwoid carcinoma, formerly known 
as colloid cancer, and forms about -5 per cent of gastric carcinomas, i le 
cells are distended and finally destroyed by clear mucinous .material, but^ 
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clumps of recognizable carcinoma cells are found here and there. The 
change does not affect the prognosis. 

GaKlriiis and Cnrcinonw—Thc mucous membrane not only in the immediate 
neit^hhorliood of the tumor Init also at a di.«tancc may .show chronic gastritis, oitlier 
atroj)hic or hyjicrjdastic, with atroi)hy of tlie ])cptic cells .and tulmlcs, and a tran.s- 
formation of flic gastric into the intestinal type of cells with many goblet colls. The 
changc.s are associated with an early diminution or disaiipearanco of the hydro- 
chloric acid in the gastric juice. The ga.stritis, which is much more evident in sur- 
gical than in autop.sy material, may he regarded as a prccanccrous condition, and 
liy some these changes arc believed invariably to jirccede carcinoma. In other 
wonls, carcinoma does not originate in a normal stomach. 

iS/jrew/.— Cancer of the stomach spreads locally, to the lymph nodes, 
and to distant organs. (1) Local spread occurs both in the stomach Avail 
and to neighboring organs. Spread in the stomach Avail takes place mainly 
in the loose submucous coat. In the diffuse infiltrating form the entire 
snbmucosa is first infiltrated and then becomes fibrosed. The tumor may 
])enetrate the entire thickness of the AA'all and appear on the serous surface, 
from Avhich the tumor cells may be spread by implantation over the ab- 
domen (peritoneum, omentum, ovaries). The duodenum is never invaded, 
the tumor stopping short at the pylorus. Spread to neighboring organs 
usually involves the liver or the pancreas when the cancer is on the posterior 
Avail of the stomach. (2) Spread to the hpnph nodes is extremely common. 
,\t first the regional nodes draining the stomach arc affected, but there 
may be distant sjwead along the thoracic duct, and the supraclavicular 
and cervical glands may be enlarged, especially on the left side. (3) Spread 
to dislaid ornans is by the blood stream. 'I’lie liver is iin-olved first and 
most frequently ria the i)ortal .vein. It may be enormously enlarged 
though the gastric tumor may be too small to be detected clinically. 
'I'here may be blood spread t«) the lungs, central nervous system, kidneys 
and bones. The abdominal organs, especially the ovaries, may be the site 
of metastases, either by implantation or by lyin])hatic spread. 


Tin; Hi;i..atjox or Sv.Atn'OAU- "o I.usion's. -Paxa as an early symjAtoin i.s un- 
fortunately absent in about one-half the eases of eaneer of the stomach, for it (le- 
Iiend.' on (le.-^truction and irritation of the nuiscailar coat; quiet infiltration by tumor 
cells may cause little irritation. Pain is likely to be jiresent in uleoroearcinoiua, and 
when the tumor is at the jiylorus where it e.xeitc.s siiasiu. If the pain of ehronic 
peptic ulcer in a man in the eaneer age ehanges its eharactor, beeome.s continuous, 
anil In-es its relation to food, a malignant ehange is ])robahly taking plaee. Loss of 
»/)/>' fife and a sense of satiety before the meal is finished are dne to the eareinomatous 
iufiltvation of the museular eoat interfering \Aith the healthy tonus u))on whieh the 
^ens;lfiou uf lumger dejiends (Fig. 2.o3). Ah.Hntr of free hi/zlroehlorie acid in the- 
.'Uauaeii content.^ i-; due jiartly to the destruction of the inueou.s luenibrane by the 
tumor. Jiartly to ^eeo^dary ehanges which develoj) in tlie rest of the nuieosa leading 
I" .itii'p’p of tile oxyntie eells. Tla' sAipinession of hydroehlorie aeid i.s not so eon- 
^^:o.u (U- eomj.lete as in peinieious anemia. In early eareinoma free hydroehlorie 
arid ri (ifteu pn-.ei!t. and it ean lie demonstrated by the fraetional method in about 
'>. 1 ', -.ulf tlie ojieraiiie e;i'-es, Jji,-lir aeid apiiears as the result of jivlorie obstruetinn 
-and tile deeimip.i-iti.iu of udaiued food. Blood in the stool foeeult iilood) is a most 
imp ata’it and l ii'i-tauf siirti; it i< due to ideeiation and will tlierc'fore lie ali.sent in 
te.e dusu-M inPlt'atii.i; fonii. It ean also lie found in the stomaeb eontents. E.r- 
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fchatuT oiitolos!/ been dKip,,„i„!,mj; ,nvu,« („ |„.„u,, ,|i.-edim, of the 

cells Meokimcal ,n-.tat,o... as hy .oeaus of „„ i„ll.,l„t,lo , ■', I, baUofm -e y ,' a. 
pve better results .■Inom- ,s very ™,„,„o„. i,. b „s,„,,ily of (1„. seromhu-v ivpe 
but as occasional, V mdlshnsu,., liable from periiieious i„ ..yeept. tl.’at ' I,; 
Inlimbm m the blood is not above normal. The anemia may he due iiartlv to 
continued lops of blood parUy to ulceration and se|..si.s, Imt the more nrimare 
form may .veil be due to that tes of the power of the .stomaeh to produee the heue,'- 
topoirtic principle (stored later in the livci') winch is rcs|i™sil,|c for pernicious 
anemia. , ^ 

C-orcER OF THE DuodeniiM. Altlioiigli .sinipic ulc.er is .s() (tonuiaiu, i,s 

rare in the duodenum, but in my ex|)orieu{!e iioi. so i/m; ns is cuinmoiilv .stnled. 'riio 
usual site is the second part, not the linst part a.s in nlcc'i'. 'I'Ik' tuuior causes ob- 
straction of the biliary and i)aiK‘roati(‘ ducts. It is easy b' mistalu' cancer (if (Ik' 
head of the pancreas for cancer of the second part of (.he (iuodcmuu. 

S.4RCOJLV. — This is a rare tumor 
whicli forms a large polypoid n\ass 
that projects into the stomach. If. 
usually arises from the muscle, so that 
it is a myosarcoma made u]) of elon- 
gated cells. In lymphosarcoma and 
Hodgkin’s disease there may bo local 
lesions in the gastric mucosa. 

Innocent ■ Tumors.— These also 
are rare. The commonest is a viyown 
arising from the muscle fibei's and 
forming a mass in the caanty of the 
stomach like a submucous fJjroid of 
the uterus. Fibroma, lij)oma and 
hemairgioma have been descriiied. 

Ihdtiple adenomata or diffuse gastric 
polyposis is a condition in wb.ich soft 
poljq^oid masses are scattered o\('r 
the surface of the mucous memlirani' 
or are arranged in a grou]). The mic- 
roscopic structure sho\v.s an adeno- 
matous formation of new gl;m(l>. 

Occasionally one of the adcnomat;i 

may become malignant. Sc^'Cl'n anoinia and achylia gasf rica art' coinnion syniphnns. 

Ajdenomyoma is a rave and pCv'uliar lesion wi\ich is conlimnl io (he pyloric ('iid o| 
the stomach, but may also occur in tlw duodcuuui and it'junuu\. Fonning a 
localized yellowish nodule in tlic wall of tlu.‘ stoin.ach (where if may he inisialum for 
carcinoma) or bowel, it really ai^pcars to be a Inmign ncopl.-ism arisinr; from helcro- 
topic epithelium. It co 7 isists of a mixture of pyloric or dnodenal (Ihiimu'r’s) 
glands and pancroatie tissue arranged in ni'dules which arc surrouiah'd i>y plaiti 
■muscle. The lesion is of clinical signilicancc. .as it tnay cause gastric symidoms. 

Tuberculosis.- “Tills is i-arc, and is sccomlavy to tultcrculosis ('Iscwlaar, usmilly 
in the lung The u.sual k'sion is an nhaw. .siiiglc or multiple, with iiii(l('rmiiH'(! cdgfSi. 
There may bo a lump instead of .an tilccv. and somutiiucs mciady a scar. Micro- 
scopic c.xamination may rcviad tuberculosis in a k'siou which has Ik'Cii misialcci. (or 
a peptic ulcer or caiwor. 

P0STM0E.TI3IVI DIGESTION 

No organ shows postmortem ch.augo .so (|uickly as tla; nioni:, 
death the anti-euzynu's dis.appe.av which prevent tin; gastric ji 







A 

1 
,N 


Fio. 2.');). -Carcinomtilous inv.'ision of 
tlu- lun.-^cular wall of (ho stounu'h. It is 
infill ration which tk'.slroy.s flu* unis- 
do tone and is rc.sininsihio for flic l(>ss of 

cippdifc. X iro.-f 



462 


THE STOMACH AND DUODEN^ 


the stomach wall during life. There may be mere softe r 
cardiac end so that it can be scraped off, or the gastric j 
stomach wall at the cardiac end and sometimes in the ch, 
contents are found in the abdominal and j^leural cardties. 
an antemortem condition (wliich may be of importanc' 
the edges of the opening are examined microscopically 
which of course is absent if the lesion is a postmortem on( 



CONGENITAL PYLORIC STENd^fe 

This is a condition of congenital hypertrophy - ?. 
occurring in male breast-fed infants. The pylorus ■ 
that it projects into the duodenum. The thicker/: 
centimeters along the pyloric canal, then gradiu. 
pyloric opening is greatly narrowed and is filled wit-' 
of mucous membrane. The thickening is caused b ■ 
trophy of the circular layer of muscle fibers. An ei 
to be added to the hypertrophy, because the persist, 
the principal symptom of the stenosis does not beg. 
The thickened pylorus can often be felt as a rouiK ' 
offers no more dramatic result than in the case of t; , 
operation, which consists in dividing the hypertroj 
the mucosa; the vomiting stops as if by magic, ant: 
once begins to put on weight. 

Pyloric Hytertuophy in Adults.— Concentric hype- 
muscle is a fairly common finding in autojisies on adults, 
develo)! late in life and is not a iiensistence of the congci' 
be symiitomless or associated wdth pain and vomiting 
x-ray film by the jiresence of a long, thin, pyloric cans 
from the eccentric hypertrophy whicli .so often der 
ulcer of the duodenum or pyloric canal. 


ACUTE DILATATION 0 

After an abdominal operation und 
may occasionally become very rapidly 
mous size. The condition is likely to I 
autopsy the stomach may fill the gre 
very thin, and it contains a very la. 
early stages the contents are entireb 
at the pylorus or may extend as far a 
duodenum is crossed by the supoi’ 
that there arc two etiological facto 
jwoduced by trauma to the abdc 
the bladder, which may follow op 
of air while the patient is under 
is a great outpouring of watery fli 
of the stomach tube in the early ; 
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CHRONIC DUODENAL ILEUS 

Chronic ileus (obstruction) of the duodenum may be caused by narrowing of the 
angle between the superior mesenteric artery and the aorta tlirough wliich the 
third part of the duodenum has to pass. Pi-essure on the duodenum is produced 

intestine if it hangs over the brim of the pelvis 
without I’estmg on the fl^r of the pelvis. The duodenum may lie extremely dilated 
and Its wall thickened. The intestine beyond the obstruction is collapsed. In some 
CtisGS the stonLticn shtir6 in. the dilatation. 

Duodenii IS. -—Inflammation, of tlio duodenum without ulceration appears to 
be a distinct entity. Although there i.s no mucosal defect, the submucosa and mus- 
cularis are infilti ated with leucocytes and lymphoc 3 '’tes, and .show congestion and 
edema. Similar lesions are found in the neighborhood of a chronic ulcer. The 
serosal sm'face is congested and maj'' be stippled. The sjunjitoms are often similai’ 
to those of iilcei , and there majf even be hemorrhage. The lesion may invob'’e the 
ampulla of Vater and obstruct the passage of bile into tlie duodenum, thus produc- 
ing an obstructive jaundice vtiich maj^ easily be mistaken for that caused by cancer 
of the head of tlie pancreas. 


DUODENAL DIVERTICULA 

Roentgen-ray studies have shown that diverticula of the duodenum are 
much commoner than used to be tliought. Two types ma^’’ be recognized, 
primary and secondary. A pimury diverticulum usually arises from the 
second part of the duodenum, sometimes from the first part, rarely from 
the third part. It springs from the inner and postei'ior aspect of the bowel 
along the line of entrance of the vessels which weaken the wall. There is 
a herniation of the mucosa through the muscular coat, and the sac thus 
formed may be as small as a pea or as large as a plum. It may be single or 
multiple. It occurs in middle and late life. Often discovered accidentally, 
it may give rise to no symptoms, but when large it ma,v cause d.vspepsia, 
probably from pressure. Secondary diverticula are secondary to a duodenal 
ulcer, so that they occur in the first part of the duodenum. There may be 
bulging of one or both sides of a healed scar due to traction. The condition 
is of no clinical significance. 
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THE INTESTINES 

ENTERITIS 

Enteritis means inflammation of the intestine {enter on, intestine). 
The. term may be used in this sense, but as colitis signifies inflammation 
of the large boi^’el, enteritis is often limited to inflammation of the small 
bowel. Enteritis is usually a catarrhal inflammation. It may be ulcerative. 
The term membranous or diphtlieritic inflammation is applied to those 
cases in which a definite layer of necrotic mucosa and fibrin is formed. 

Acute enteritis may be produced by: (1) indigestible and irritating 
foods, (2) food poisoning, (-3) chemical poisons, and (4) food deficiencies. 
So-called food poisoning is really due to the action of pathogenic bacteria 
contained in the decomposing food, the most important being Bacilhs 
enieriiidis (Gartner) and the paratyphoid group. Many chemical poisons 
may irritate the intestine. Arsenic and mercury cause inflammation of the 
lower part of the ileum and most of the large bowel, apparently being 
excreted lower down after having been absorbed. In infective fevers, 
septicemia, and uremia enteritis may be present. 

Le.sions. — The mucous membrane is swollen, edematous, covered with 
a slimy exudate, and flecked with red spots. It is seldom red throughout 
except in the severe inflammation produced by chemical poisons. The 
lymphoid follicles, particularly in children, are often swollen and the over- 
lying mucosa may be shed ofl’ so as to form little, clear-cut shallow ulcers 
(follicular ulcers). MicroscnincaJly the change is confined to the mucosa 
and submucosa which are infiltrated with round cells and show marked 
edema. Polymorphonuclears are present in the more acute stages. The 
surface epithelium is degenerated, ))ut in the intestine as in the stomach 
it is always difficult to separate antemortem fro7n postmortem degenerative 
changes. 

BACILLARy DYSENTERY 

Bacillary dysentery and amoebic dysentery are two entirely different 
diseases, and the only justification for grouping them under one heading 
is historical usage. Bacillary dysenterj'^ is very common in tropical coun- 
tries, but is also found in the temperate zone, especially^ where men are 
crowded together under poor hygienic conditions. It is thus a great 
destroyer of armies in the field, it appears in large mental hospitals in both 
endemic and epidemic form, and it is the chief cause of the acute enteritis 
of children associated with the passage of pus and blood. 

30 
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Symitom?.— Dvfcntcry is a diarrhea characterized by the presence of mucus, 
pus. and blood in the stools (a “bloody flux”), and accompanied by straining and 
tene.unus. The infection is an acute one lasting several weeks, but the condition 
may become chronic or there may be periodic recurrences. In addition to the local 
syinj)toms the ))afient shows evidence of the action of a powerful diffusible to.xin 
.and dies of toxemia. 

LKsiraxs.— llacillary dysentery resembles diphtheria in that the bacilli 
n-inain localized, do not jrenetrate the tissues at first nor invade the blood 
stream, and ])roduce local necrosis and distant damage by the means of 
their exotoxins. When an ulcer has been produced the bacilli may penetrate 
into the deeper parts of the rvall. 'J'iie disease is an acute colitis, but the 
lower ])art f)f the ileum may also l)c invoh'ed. The toxins cause an acute 
inflammation of the wall of the boxvel, patches of the mucous membrane 
become neerf)tic, arc converted into sloughs, and when these separate, 
ulcers are formed. The surface of the ulcer may become covered by an 
inflammatory exudate consisting of fibrin and polymorphonuclear leuco- 
cytes which together with the necrotic material, may form a false membrane 
(diphtheritic inflatmnation). The ulcers seldom penetrate the muscularis 
mucosax but sometimes they may reach the serous coat and perforate, 
d'iie ulcers arc clcar-cait, and have not the undermined edges seen in the 
amo'bie form, 'riicre may be many small ulcers, or they may coalesce to 
form a few very large ones. The mucosa between the ulcers may become 
papillomatous. 

M irroscdpiriillji the wall of the bowel is infiltrated with polymorpho- 
nuvhaiv haieovytcs. d'hcre is marked edema and thickening of the sub- 
mneosa. Large numbers of Gram-negative bacilli are present in the floor 
of the ulcer. IIcdUiKj takes place by the formation of granulation tissue 
which becomes covered by a simple epithelium without glands. If the 
uhcratioii is su])erficial there is little scarring, but when deep there may be 
imieli >ear formation witiithe production of marked stenosis of the bowel. 

1 ivi Ki i-x HoN or Symi'Tom^to Lksions. The pain, tcne.snnis, and diarrhea are 
dm' to till' ai ute intlauimutiun of the large bowel. Tlic jnis and blood in the .stools 
ao- till' n-iilt of tlie ul(‘cuitiun. Mucus may he abundant, e.spceiallj’ in the eiironic 
r.i'c- A- till' di-fa-c i' -a local one there are no signs of septicemia, such as nentc 
.'ueUiiig I In- toxins may act on the nervous system, jirodneing a jierijilicral 
lii iini!--, and i>ii tiu- joints causing a painful olTusion. Liver abscesses are verj' rare 

'/ t'.iiub'i dx^eutery). 
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AMCEBIC DYSENTERY 

m of dysentery is eau-ed by Entama-lia histolytica, a jirotozoal 
dual iu on-et and more protracted in its course than the haeillary 
'.'■tiug for months or years. Tiie ineuhation jioriod varies from 
. AUliough primarily a disease of the tropics there i.s a growing 
-lion v.itii the parasite in temjicrate regions, and .serious localized 
■'nwg mole eomiiKin. These can usually he traced to cooks and 
looii (in hotels, etc.) who arc either carriers of the amceha or 
' nmi mii'l form. An infected xvater sujjjdy is another source 
■.!. -.I.i-.- outbicak o,-.-um.‘d in Chicago, .June ID.Tl-.Jiine IIKM. 
i. - '.c x\e!c DO'.l cases (OS deaths). 75 [jcr cent of whom had 
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contact with one or other of two hotels. From this center the disease was scattered 
over 400 cities, 43 states and 3 Canadian pro\dnces. At fh-st it was thought to be a 
carrier epidemic, as the incidence of carriers among the employees of the two hotels 
was 87.8 and 47.4 per cent, but eventuall 3 ’- it was traced to water infection, an over- 
head sewer leaking into the drinking water supply. The parasite nia}' be present 
in two forms, one active or amoeboid (trophozoite) , the other encysted. The latter 
is developed when conditions for growth are not favorable, and is the onty infective 
form, for the active form is destroyed bj'- the HCl as it passes through the stomach. 
The cysts may live outside the body for weeks in moisture and shade. The active 
form is detected bj'' direct microscopic examination of a warm stool ])reparation, 
but the C 3 ’^sts are shown up best when such a preparation is stained with a mixture 
of iodine and eosin. The C 3 'sts do not occur in the tissues, nor are the 3 " passed in 
an 3 ’' numbers in the acute dysenteric 
stage (diarrhea); the 3 " are generally 
found onl 3 " in semiformed or formed 
stools. For doubtful enc 3 -sted forms 
a fixed smear should be stained with 
iron hematox 3 din. In acute cases the 
stool contains the active form, wliile 
in chronic cases and carriers C 3 ’’sts are 
to be exjDected. The features b 3 '’ which 
the two forms ma 3 '^ be recognized are 
described in Chapter 8. 

Lesions. ~ When a cyst is 
swallowed in food or water it 
breaks up in the lower part of 
the small boAvel and liberates a 
single amoeba with 4 nuclei. 

These divide into 8, and 8 small 
amoebae are formed. ’)Mien they 
reach the large l^owel the}'’ pene- 
trate the lumen of the glands and, 
destro 3 ung the epithelium with 

which they come in contact by 254.-Ama5ba histolytica in 

proteolytic enz 3 unes,_ they pene- wall of bowel, x 400. 

trate the deeper tissues. No 
lesion is produced in the bowel 

unless the amoeba colonize actively; they merely enter the portal venules 
and to a lesser extent the tymphatics. If they colonize in the submucosa, 
the result is dysentery. The parasites spread out in this coat and set up 
a colliquative necrosis by virtue of the proteolj’^tic ferment which the}’’ 
produce. All this is quite different from bacillar}^ dj^sentery where the 
organisms remain on the surface and b}’’ means of their diffusible toxins 
excite a suppurative inflammation instead of a quiet necrosis in the imder- 
l 3 dng tissue. The mucosa overlj'^ing the necrotic areas also dies and is 
cast off as a slough, so that ragged ulcers are formed. These ulcers have deep- 
1}’^ undermined edges, because the submucosa is more extensively involved 
than the mucosa. The mucosa between the ulcers appears remarkabl}'^ healthy 
because no diffusible toxin is at work. The ulcers are deeper than in the 
bacillary form, and the floor is often formed bj^ the thickened peritoneum. 
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The micro-s-copic pichne is one of quiet necrosis ^ith little or no inflam- 
mation. L:irge numbers of amcehte can be seen in the wall of the bowel. 
They digest the surrounding tissue by means of their proteolytic ferment, 
so that they frequently lie in small spaces (Fig. 2-54), but they appear to 
excite comparatively little reaction. Any inflammatory cells in the floor 
of the ulcer are mononuclear in type. At a later date secondary infection 
may occur and this may cause some suppuration. The amoebrn penetrate 
the i)ortal venules and can be seen lying within the lumen, so that they 
readily pass to the liver. 

hirer (ihuces.s is thus a common complication of ama'bic dysentery. 
Although the lesion is commonly known as solitary abscess, it is multiple 
in over .50 per cent of the cases, being more frequent in the right lobe. 
Tlierc may l)e a few large or numerous small abscesses. The lesions are 
really not true abscesses, but are formed by the liquefaction necrosis of the 
liver cells produced by the digestive ferment of the amoebre. The abscess 
m:iy rupture into the abdominal cavity, or through the diaphragm into 
the lung, the patient expectorating a brown “anchovy sauce” material 
containing many amoebaj. 

]b\ciu..Mn' AND Amo'-bic Dysenteut Compared.— The chief symptom of 
(lypentcr\ — diarrhea with blood, mucus and pus in tlie stools— is the same in both 
forms. Bacteriological and immunological tests are of value in differentiating the 
two forms, but a rapid and useful method is the cytological examination of the stools, 
the tyi)e of cell dei)ending on the histological reaction in the lesions. It will be re- 
membered that there are three types of necrosis; lysis, pyknosis, and karj'orrhexis. 
In bncilhr;/ infections cellular lysis is marked, the result being “ghost cells” from 
the macroi)hages and “ring nuclei” from the polymorphonuclear leucocytes. About 
90 ])er cent of the cells are polyinorphonuclcars, but this loses its value from the fact 
that when amoebic lesions become secondarily infected the exudates may be 
purulent. The most important colls are the macrophages and their ghost forms. 
Unfortunately these may bear a striking resemblance to amcebte, and bo a cau.se 
of mistaken diagnosis except in the hands of an expert, as happened in the epidemics 
both at (lallipoli and on Corregidor. In pure amoebic infections the cells are few 
in number aial are mainly mononuclears. They jn-esent either a “mouse-eaten” 
a]ipcaranic due to the action of the digestive enzyme on jiarts of the c 3 'toplasm, 
or ''pyknotic bodies” from the nuclear fragments. Large numbers of red blood cells 
are alaay..- [iiesiait in adilitiou to the aintebie. Charent-Lev'den ciystals are char- 
actcn-tic ol anaebic dvscnterv, and are not found in the bacillaiy form. 

botiic ot the princi\)al points in which bacillaiy differs from amoebic dj'sentciy 
are suiuncavized as follons. 


1 . d'> pc ol ie>ion 
2 Deptli of ulcer 
d. Ldao of ulcer 
t, liiterxeiiinc. mucosa 
b, (Cgani-ui' in l(-,-.ion.; 

Cb tdo'^y of ^tools 
7. ab'ce-s 


Btidlbiri/ dy.sf itbry 
Siijiiiurative 
(Icnerallv shallow 
Sharj) 

Inflamed 

Bacillus d.vsenterire 

Polymorj)hoimclears 

Bare 


Anift'hic (hjHi iikrij 
Necrotic 
(lenejallx' deep 
L'ndermined 
Normal 

Entanimba histolytica 

Mononucleans 

Cornmon 
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,{i:ui ijaiq.w ‘sa]'iU|ll'J')iajrqoAno,raqj'nf sa|un.ii: 7 vq)anqap-]jaAC 7 naj;r)~j“ a.niaso.id aqj 
joj noijd!.iasai) jnainoAUoa i; si in.iaj ajinijo|uii snpp.--Aii.iAMOiiii<i;!X nvioajv^Y 

•sinsi.id sqoopY passo-i.) 

.lopnn (OAijan-ijoj jCpiiiop) oido.ijo-im; sn ji jnqj jai;j aqj A'i| paziniioaa.i ac| m;a ainjnu 
sjj •oiissij p;ijijs.iojni oqj in o-p; jiiq sapiqnj oqj jo suoo piqoqjida oqj tii Apio 
joii jiiaso.id SI pidji sTipp MOj^-o |().ia)-',i|dr|o si ji jo 'q.iinii jnq ‘ui-ioj pi.ijiion oqj iii si 
•jtij oqj JO otnos; •ooiin.iiioddt; pojq.iad-- .10 popjoni 1: .voj.ioo aqj soApi ji;j .\\o[[0.C oqj 
noijnqi,ijsip .iiipijio.i.ii oqj oj Juiia\() •ndiji.nbnoarip piopuui: ui pmi ‘(siso.iopiso.iqdaii 
‘si'-'u.iqdon Jsijj.njdoiioin.iauioiil) a-n.Kji't-Sjqliu^p 10 sapiqnj pojK.iauOuop oqj ui 
noas SI vijof oqq^ •(s'loj'-.i lo.io.iAii’.) juj pujiian jo (sisiioo sqoo oqj_iii soinqqjS 

jifj oipp ,ioj(Ii)q;_)jnjioqi.i.>sop si iioijipiioo oqj_ -ojo ’Vii.ibjo.ro'm’o ‘sii.ioqdsoqcl,- 
‘sliiNoj pipiojoiKi ‘sojoiiiiip '.siatuatn: .i.'iqjo pni;" siTrii.muad ..A’q posuno si j| -sapiqnj 
pojii|i)Anoo oqj AlpMoodsa''i:ui.\ii.uia.n;d o.iipio oqj sj.iojpiSii.io/ linijfj/) oipp '-AAiojnd 
'aii'j *pnii ’os'iijiqi aqj ‘po'/iuVio.io.i .nj .iiini sni.ioj o,s\q_ ■Moi.iA’ir.l.'C'ionQ .i.,LLVj; 

•iioninioo SI siso.iqdoii a|ii| p.o|.n:ni-ii.>A\ n o-iipniiuf oAi)on.ijs(|n nj -{ppp oStid 
00s) so-'ud.iiid pqiioiii-- .toj p.i-n nojjo -1 .>ji:iiii|ijii'-- a.ii-o.jjo.) .inj ‘aomq.ioduu piauii]o 
JO oiio .\|iio .iqj SI poim:ii-jsi;| oq -opi-ioiqo oi.iii.i.i.nii pm: ‘.iiiio-.n; ‘sn.ioqdsoqcl 
‘ojiMiio.iq.iiq uiius'-tqod 'viji.'.ijiil uiiiiiKMii ‘-.'/.I ‘sistuqiliiii .10 iioijK.ioiio'rlop .iKpiqiij 
a.mpo.id OJ A'lpqnauu.i.idxa posii oq .\i;ni sim-iod pMiuioqq,Jo .iO([Uiiui aii.n:[ y -sosii 
mwo s\q oj p ij.ma.iocI pm: miiouiqo oqj .uj pai-ias oq oj jdi.-Vi'ji jiii] ‘usiios pi.qJi'oioqjnd 
A'jjai.ijs 1; m posn iiaqai qJiiunio aji;s si j] ’uuaj siui.ioiiiiup i; si siqj jnq ‘.sosoji/rfOK 
si: p.issii].! ai) A'nin A'oqq, 'sopupij jiajiqoAUo.i aqj iii paq.n:ui jsout 0.11: saSmiqa oqj^ 
-.mo, 10 A'nin lunju.ionaliop snonuuuqp: siqj jo a'ji.ioaos jo sopn.iS py 'o .lOjduqQ ni 
paip.i.isop uao(| .\pi:o.ip: si:q j] -qso.ii .\.ioa si p:i.iaji:ni oqj ssojiin ‘inojjoiujsod qouui 
Aioq *nioj.iouiojni: si aJainqo aqj jo q.nmi .woq .woiiq oj jpiaiipp uajjo si ji pm: ‘ajosoio 
JI oiiiiini soliiniqo nioj.ionijsiYi -ossosjp snuij.tojui .lo 0 [i.i(| 0 j^'m; ni .iivooo aiiui jj 
• stiolsoi A’onpiq pi: jo jsoiionuiino oqj si ihnip.iis- -suoippiioo jo Ajis.io.iip i: 

joAoo OJ ni.ioj jnoinoAiiu.i 1: jiuj .Cji jno in: joii si siq p — •.MOixvuiixnoiiQ iinnii.ox 

AaNdTH aHX ao sNOUV'aaNaoaa 

•aipidiid 

j\:no.i aqj ju aiio ui .ijiso.ii.iuA 1: jo -poquoiaoAO noof[ si:q qotqM siji.iqdan jnooj i: 
.(l(iiAlojd sJ ajoqj sos\;.i jsoiu iij -iimu'j si osnno on po.\ouio.i si uoijipnoo oqj iioqAi 
jiK) ‘.\oupiij auo uiojj -ojoAos souqjouios ‘oJii;qjJouioq si ojoqj qaiijAi ut noijipuoo 
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oAiossT]) Jjutaq n8§oaif|3 aq;} o:} Suimo j'Ba^o ^{{(foajjad pa's aSj'q aJii spaa 
, , "aiuaiT JO doo| aq(^ Suuii] asoq^^ aatj pajoa^tj Apaxqo spaa aq;^ sa^ aq'Bip 
aj -oiinsni p iionanpo.i!}xn aq;j aauis xiaas ijaa'ca aaotu qjv Xaq;^ qSnoqq'B ‘stvjqiaxu 
^5j5q^jo sasx!.) axaAasjii osj'b put; asiasqrs'aqjaiO tioA m inaoo sjisoddp wBoofiiQ ^ 

•ajuajj JO sj'cadd'B !ji pajaiox 9 ~srurax!faTi^ 

n8i{Ai '-rcad'fr-tp uoos iaxj^ ^tjq^ a|qijqo.id st !Ji •sa|nqn!j Sui^joaqoa aq^j tn saqBxn'|o 
sjisodap JO i-r^uoa piix; ‘spiiu'C.iAd aq^ jo saaidt; aq!j {jx; sq'na.ijs AVoqaA jo lujoj aq'j aq'Bj 
'-^jjri'ui ppiToIm^si ua.ip]Tqa ii.ioq-Avau xit uaas Tioij.Tpuoo aauoqiuioa qontii y 
~^^ojvfin Vi'jiin^^sTS tiAxoini tioi^jipuoo is ‘spixu'cxiid aq!j jo saaid'c ajjj . ni p ajj sodap aq 
i(x?ra jiioT inid atj^j iT.ioq-A\.au aq;j jo aaipTmisC' jo sdsvo asdAQS uj •aaipun'Bf (juajsisaad 
m sapKjiij pajlqoAuba'aq'j jo sqaa aqj. ursajnti'BiS auq's'B ajiqnnrnao'B 'jC'Bia-jMaxa/nd 
" 3 ^ ''^jiisnjsuBj^j pooR ajq'Bijinsun tuojj i 3 i.inuiqojSouiaq jo j|nsa.i aqj sx; sajnqTij 
aqj ni uaas a.txj sa|nux3.iS uxj.'cxuaq jo sjsisq •uo.n .loj xiOTjOTBaa 'anjq ximssna£[ aqj^^aAiS 
m.(3p:soinaxj jo sajnuxjjS aqjL •xsiTnuiqajSduiaq jBra£tx6jx?d:j-pux;‘Bitu'aui snoiarajad ( 
ui uoas qaAX si srijj^ -sajnqnj aqqj m pa'j''Bj^tiaauoo si 'puxs i]n.iaxrioi3 aqj. qSnoaq^j 
sobsud niqojSdiiiaq 'aq^'pufe''u6ijonjjsap pqoj'q qq htii' s i aaoq!j'uaqM“sapiqnypajTipOA 
-uoa aqj, jo sqaa axjj xii’aj%iniBhbo^ pdiiiOld pdofg — 'juNairaij ao SiisodaQ 

•uxira ni jnooo iC'Bta siq:j sdx!ijjad 
pu'B ‘paq.iosq'B atnoaaq X'bui j'ctaaj'Bttr 
‘SZS X ‘xio SuioS qps st uop'Bjnojjo piojifiiix? (j'Bq^j SMoqs aauapiAa jxijnaxu ■ 

aqx j-Bxp SA\oi|S (XiOiiiq) sqao poojq jo -ijodxg; •ssa.i3ox!jaj naAa pxre ssaaSoid ,• 

aoxias3.id aqj xxiq ‘piojAuix! aqj Aq paS^'B] osuao osjx? Xvm asBasip piojAuixj axjj 
-Tia ApuaxS si sn|iijatuo[S aijx Aaupiq ‘sqrqdAsxnsx;'pajsa.ux;aqux3aasnx30§xipf| 
aqj JO asxiasip piojAmv— zfS -japxin aqj jj ‘S.xxjaA Axixjxu xoj jSBj -Axixn 

as^sip piojAuiy* ’"'^aiipiq ojxnaqq|t_ji{8 
-jox?a!jiioa aqj jo ^j^q^j sx aanjoid opx.xqdaxi 
I'gufiu.iaj axp ^s|xxja\ ‘saia'BqiHBO "';ri3|ti.xa 
-uiqS juaj'xjd jftjs 'puB~ajqx?auuacrj^^^^ 
no pasuq a-re sxuojdxnAs opojqdau aqx 
•uoisuajjadAx] pxns poojq axp xix xxa§0.pxxi 
uiajo.td-ubxi- qSiq qjiAx •i3rraa"jn"‘'j'0'' "ajp 
Axmraq~qSnotfa'3uo| saAq ^uaijxjd aq!j jx 
jnq^xjxuapa'puxx xjnxxxixxunqp'aAxsF^ra ‘'a*x. 
‘adAij XIX oijo.iqdau oxb siuojdiuris aqj^ 

•sajnqxx'j aqj 

puno-iB anssi^ aAxjoaxxxioa aq^ ux pxix; 
saf.iaj'.TC'axp"-ux*saj'Bjnxiinaax;“A||x;npx;j3 
qoujAx' pxojAuix?" axp xudaj aaxxssaxd oj 
'jfiq'Xqdoa^ja jBjxxaaxuojS xxio.xj xinuaxjosi 
oj Ajuo jon anp sx x;xuAqoxia.ix:d axp jo 
Aqdox^jB aqj jo qanjy '-^jsBO^^pxoijda,, 

SB joMoqq aay.Aaxp, aqun aqj xxi pux? 
‘sainq nj aqj pi paxuxoj a.re sjSBo'snoa'uaS 
■:^9|)tsa''foxajsa]bq6* xirejxxoo 
Axixxi puxj Sja]do.xp aux]X3Aq'pux? AjjBj'qjxAX 

* pbljg si xutxqaqjida aqj puB 'xio'xj^auaS 

jaij-iBa aqj xij 'unbod''XBxii'Aaupp| 
jo ■oiipjxiuq s pu -B ‘sisoxqq sxxjj nj “•aiissij'sixoJqy 

saqS^pxiti api'qxij Suipuocfsaxioa aqj paprqaoo' s'l’ stqi'i 
“i®^?PJ?PHl5MALJ£iqj^rai?'ros0ssBxus^a;fnjan.ps‘ssa^^^^^ 

a.iB qnxaxuojS aqj araij uj •aui.xn aq-j ojux adBosa xiixunq]B jo saxjxjuBnb ’aS.iBi sdooi 

Suo} B .xoj uado xiixmiax sdooj aqi jo axuoq '•pasdfa 
AjjBnpBjg ajB sdooj ZiBjjidBa' aq^j (jBqj os ‘ranxjatpopua^aqf piJi'd^^^ 
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o:} uopippB m Sniiisi^ioiip i^ioi'Binra'BguT ub Abiqs iCaupp( aqi I® 

.ia:^ajn atjf |oq[{B:K^TOppig[q~8q^ pu'B ^am.iri'qn'Bng'B^s' jo uopBpxnri'oob aq:^ o^ 
SuL\v 6 ”'iiopBoq(Inibo'uorara’^^^ 'i^aupiq aq:^ jo siAj ad a q:} 

sj9:^ain aq^ o:^ spua:;xa Xit3Ui.in aqq. jo uop'B:^'Bqp aqx •tnnpiap.iaAip., 
V. TII.IOJ 0% s'B os paSi'Bjua atnooaq /^'eni asaq^ jo aioin .10 auo pxiB 'suoissaj ap 
A’q p^^.^’J^d^s aiT? a 3 [noaq ^.4 aqX ‘^piaaq'Bj:^ seqno 'pn'Bijs 'pTiB ^uauiuidjd 
AjaA araoaaq 'Bsoanra aq:^ lapnn pianiaSuBJiq pa^qiqapapq pA'eq 
qDipYV ajDsnra p spireq puB ‘.lapp'Bp aqi |(pqBAi. aq:^ p Suiuaqaiq:^ paqj'cni 
o:^ spBa| i^qdoipiadAlq aqp •uamqq'dliTpasq'B iC[aSiB[ aq siq:^ qSnoq:^ 
-|'B ‘i!qdo'.paad^Cq bB|nasnra Xio'psaadtnbD % si ajaqJ qiq ^iioppBiip o:^ si 
Aau^puaf~|MipWa'qj^ 'papnjpqo ajii Xaq:^ iiaqAV 'BiaasiA AVO{{oq 
japp'cjq-q'Bg aq:^ ui saop q sb pnC 'saiiHA uopiodoid aqj^ •japp'ej[q aqi jo 

XqddpxadXq'pnB uoipppp o:^ sp'Ba[ (apra)' njqpjn aqq ui 'uopdnipqo 

•pjappun aq 

qiAV sisoiqdaaoipXq aq:^ Pappiip aip ui Suiuado auapin aq:^ jo Jts^Qjn a^ 
UI si :^i q suajaqAV qujappq'aq'pTAV sjsdjqdauojpXq aq:} jappulq id 'Biqpin 
aq:).“ iir'^rtfoponjpqd"aq^''^^ pq:j papiAa si :;j -sisojqdauojpXq aanpoid 
o:} japjn aq^, uo ajnssajd :juaiDg|ns asnua sasua jnuopdaoxa ni Aura Xaupiq 
aq; JO ajod jaAvoj aq; o; ja;ajn aq; ssojo'b SuKs^id /iX 9 }di 3 jmwrg.iiifn^v uy 
•spdiqdauojpXq ;iia;;iraja;ui piiu'jayain aqV jd Suiq’uiq o; puaj Xiun ‘piUxM 
-UAVop dqs o; uuSao aq; guiAvoqu ‘paxuiai aju Xaupiq aq; jo sjjoddns prajoii 
aq; qaiqAV ui uoiqpuoa u ‘fiduppi b'jqmoj^ •[Bjinagiida Xiquqojd sj uos'dai 
;ua juddu .ou joj ja;a in aq; jo pua jaAVOj aqqqo'STgdtfa'ijig • (ja;a in jo a jn;oij;s 
jauunjj) sajn;aij;s ajoin jo auo jo uopunijoj aq; q;iA\. uopaajui snoiiaSo; 
-'Buiaq o; anp ja;ajn aq; jo qUiVi. aq; jo uoi;uraun?pui ji3ao[ aq Xuni ajaq; 
‘jaiiunjp Xq UAvoqs si? ‘m ‘snpra|i»p jd aSussud'Sq; Xq pasnda XiiiCuTSuiACo]' 
-{oj ’§uijjB5s‘d;’anp aq Xura .opm 9i[fjb ampiS^g •japp'Bfq aq; lii giiiuado 
lUjqjaxir jo ‘jp^i ■^sTAqad‘qT3uar"aq;''qoo|q' -Xaini"X72piap£) y -sisojqdau 
-ojpXq Siiianpojd ^sja;ajn q;oq saraparaos ‘auo jo Biiiiiado aq; ;onj;sqo 
Xiira doppnjq aejjt fo \iomni n ;nq ‘aj Djso/d 9i i}'Jo~judmWjvpT9 sf asniia uoraraoa 
aq; iapp'^fq aq; uj •ujSijirurpaqjJouog sX^Apu Xpinau ‘gmpidp pddqpdn 
0; anp SI uot;anj;sqo ujqp'in apra , aq;_uj uapiii jo ^iappufcj' ' ‘'Bjqj'aju 
aq; ui aq Xqin uoi;anj;sqo aqp, -uopanjjsqo aq; jo .ajis aqj'ud 'Suipuadap 
‘(sisojqdauojpXq) Xaupiq aq; jo siApd jo ‘ja;a.m ‘jappujq aq; jo uopujupp 
asnua Xuin auiju jo Avdgjno aq; o; uopanj;sqQ— •uoi;oru;sqo Jo joagg 
'uopdjosqu jo uopajoas ;ou ‘autjn jq^a§'BJo;s jo iiopanpuoa jaq;p si aajq; 
{['ll JO uoi;aunj aq; joj ‘mnj{aq;ida snoindn6r”paqp5j;s Xq"pauT{ aju {[y' 
•jT3{iniis XjaA aq p{noqs jajjns Xaq; qaiqAV inojj suoi;ipuoa {uoi§o{oq;ud aq; 
;'Bq; {T?.m;'BU si ;i ;i3q; X[[ujn;onj;s pun ‘X{{i3uoi;Dunj ‘X{{TiDi§o['oXjquia paj-Lq 
-aj X[aso{o os aju jappujq aq; pun ‘ja;ajn aq;* ‘Xaupiq aq; jo siAjad aqp 

aaaovja axv ‘aaxaan ‘siAiaa ivNaa 


•paqi.iosap uaaq Apnaqn snq ‘Xaupiq 
aq; jo saijaiuoun {n;iua§aoD aq; qn jo junpioduii ;soui aq; ‘asmsvp oiplio '[vjiudduoQ 
'b;.io'b aq; jo pua jaAvo] aq; go auioo Xpunsn quv s[assaA aq; ‘paqonaj sr aanid §ui;saj 
]uaq aq; {i;un anooo ;ou saop Xaiqiiq ax{; jo uoi;nzijn{nosnA sn pun ‘q;§ua{ piujou 
JO uaaq jaAau snq ;t joj ‘;aoqs Xqnanjnu si ja;a.m’aqx ’ ■''§pdn aq;7d uopnoji^^^^^ 
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Sursodsipajd araos si ssajun ‘i^anppi ttiojj saraoo Apiinsn .iappi^tq 
aq:). jo uoipajnj 'iala’qJiBa'palfdajuTnijqo'aSiissTid aifT^ ^(a:j.'B^sojd paSi'8[ua 
‘■Biq^ain p ainpiip) uoipapi o:j. aiip 'sf'jlop^q tnoi| uopoapi ‘apui ai^:^ uj 
•aaippqb poB uainOiA tri troipajnr Aiunijn jaA\.o| p Aonanbajj aq:}. Joj 
spnooa^ 'B.Tq:^am aptnaj qjoqs aqj, -sauSio SnLToqqSiaii .to bCanpp["8it[dbJii 
aqpmoij jnooo A'era paisaA-iAjad aq:^ p uoipapj— 

•siAjad oiq.o.tqdauo.ipAq aq:). qSnoiq; papaCui aq ubo Aau 
-piq aq:^ p raapAs snoiiaA a.iipa aq^ insiireqaani siq:^ guisn Ag; -spira^jAd 
aq^ p as^q aq:}. p suiaA ^^qSi'Bi^^s aq:} o}ui saaApa .idutiu aq} rao.q sinaao ^}i 
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‘uiSi .10 guuoopua jo iC|q'Bqoid si q-j •noiq'cqo'Bj ao ifou'BuSaad Supmp Jtiooo jC'Bta qnq 
‘J^qI 0 qnd .laqj'c noos no sanioo jC]]t 5 nsn sqs'cgjq aqq jo iCqdojqiadjCjj — •iHaOHinadiH 

■■Ban0|d aqq luo.ij p'BAi. qsaqo aqq qSnoiqq noisnsqxa iCq qsnaiq 
0 i[q 0 A|OAni Jivm qj •sas'B 0 sip qsuajq jo ^soiBi eqq jo ano st siqj, — •sisooiiMONiioy. 

■sisojnoiaqnq jo oiqsi.iaqouj'Bqo si a.inqoid oidoosojonii aqjj 'ao'cjjns 
aqq no Suinodo sasnnis pnu saiqpvco sno]nojaqnq aSaii] jo noiquiuioj aqq qqp^ ‘s.inooo 
Suinaqjog •Biuonioa'BD aoq naqieqsini j?|iS'Ba si qoiqjA ‘sstbih panq n jo niio} aqq sa^jisq qi 
qsin qy •a.i'CJ qon qnq nonnnoonti si qs'saiq aqq jo sisojUOiaqnjL — •sisoifl.oaaaax 

•noiqajnpni 

aqq sasuaioni sisoaqg SuidojaAap y ‘SjBqs^tjo ppa ■^qq'Bj pnnoJB paaaqsnqo aq iCuni 
qonpA spao qn'BiS pH's s]]ao ni'Boj ‘spaa piopaqqida ‘si'Bapnnoqdjoui/Cpd jo sjaqmnn 
SupOuA pqpA jaqqaSoq ‘spaa nnisuid jo sjaquinn aSiai jo sqsisuoa ‘noiq'cas'co qnoqqiAV 
qnq sisopioj 0 qnq atquiasaj A-biu qoiqM ‘noisoq apx ‘SiqiqsBiu ppni qpds papno naaq 
S'Gq pnij ‘‘Binoinu'B.ig snonaSopna un si qj ‘Suisniu qinopjrp jo ^loqsiq n qqm paqnjoos 
-ST 3 uaqqo ‘sqaiip Aa'cnininui aqq jo ainqdni qqiM snoiqaaaas jo noiq'BSSidsni pnn sisuqs 
Aq qiaq'Giqim noiquinimipni ua si noiq]pnoD aqx 'SisanaSoqq'ud -aqq Aq panrejdxa si 
aanu.i'cadd'G aidoasoioini aq •■Bnionia.ino oq aonniqinasaj si a.iaqq nreSn quqq os ‘ssnui 
asnpip pauq b jo q^qq si aounnsaddu ssoaS aqj^ ‘aiqnqpvaui qsouij'B si nniouioi'ca joj 
aSxjqs siqq qu qi ap'sqstui oq quqq os ‘uuq sapon qduiA| aqq pnn ‘qna-iaqpn nips aqq ‘panq 
qsna.tq aqq SuLAna] ‘apisqns noos snioqduiAs aqno’c aqx 'sapou qduiAj Aanpixn aqq jo 
quaiuag.rejua pnu ‘SupjaAis asnpip ‘ssanaapnaq ‘ured qqtAi. A]nappus sniSaq qaiqAi noiq 
-minupui aqnauqns jo aqnai? un si noiqipuoo aiv.i siqx— ‘siiiisviy mao V 3 isvn<j 

•ojnqoid aqq aqaidnioa siqijaqjupna 
Sniqijaaqpqo to pn'B noiqnjqipni aiqAooqdniAx ’uoisa] aqq jo ajnq'caj Supqijqs n nuoj 
spaa quuiS Apoq nStajo^ p'Bijaq'Bui piodp qqm papp sjpa aiqAooS'cqd jo saaqninn , 
aSiui sureqnoo pwi ‘uoiqumimspni aAiqanpoJd oinojqo u SAvoqs aussiq Snipunojjns 
aqx 'quasajd aq Auni sj'sqsAao pian Aqqux 'npAxoquuiaq qqm Ajqniisj ninqs pun 
adopAua paa aqq oq paqonqqn ureiuaj qoiqAi sqajdojp oqui uaqojq aan spaa qnj aqx 
'Apoq aqq ni ajaqAiasp sisojoau qnj jo qnqq oq anjiuip si douvj,t)dddv oidoosouonu aqx 

•quasqn aan 'diuouioj'go 

snoqjjros jo sqnajqs AiopaA aqq pun ‘aonjjns aAnouoo aqq ‘uoiqonaquoo jniouqnoia 
'noiunioo si noiqnopioino jo aajSap ainos qnqq os ‘spion Aqqnj paqnaaqp aqq qqiM 
aniqnioa sqjns aniix 'qiinqiaji Aqqnj aqq oq noiqonaj n sqnasajdaa qaiqM anssiq asnap 
Aq papunojjus si qsAoopnasd siqx ‘prop Apo MopaA jo ]ood n Sniuinqnoo panijoj 
si AqiAna n pun ‘aanjd saqnq noiqanjanbp spaaao.id uoiqnopinodns sy 'qnj aiqojoau 
JO pasoduioo SI naan siqx ■snoiqnaqsiqp s^piappnjj jo ano ui inAoqs paA\ si qaiqM 
‘aonnanaddn Ajpnqo ‘aqiqM ‘anbndo nn jo si nain paqaapn aqx ‘inooi Suiqnjado aqq 
ni pazxnSooaj aq pjnoqs pun ‘oiqsuaqanjnpo si uoisaj aqq jo doumvaddn ssojfi aqx 

•jaauno joj naqnqsiui Appnaj si noiqipnoo aqq qnqq os 
‘npjs aqq oq qnajaqpn uaqjo si qoiqM ‘panuoj si ssnni pazpnaoj panq y -sapnoap qqjy 
pun qqjuoj aqq in anaao sasna qsoni pun ‘sqsnajq pnj aS.in] qqiM quajudioa Apnnsn aan 
sqnaiqnd aqx 'Ajoqsiq qons on si ajaqq sasna aqq jjnq-auo qnoqn ui qnq ‘stsojoau qnj 
aiqnutnnjq papno Ajnotuinoo si noiqipnoo aqq qnqq os ‘sasna Annul ui pauinqqo si uoisaj 
aqq jo aonnanaddn aqq aaojaq Aqqioqs qsnaaq aqq oq ninnnjq jo A.ioqsiq y '(jinpy 
pun aaq) nnionpano snoqjjias saqnjnniis Ajasop qaiqM noisaj n oq asiJ aAiS Anui 
qsnajq aqq ui ssaaoad n qons qnqq paziuSoaaj naaq snq qi sjnaA quaoa.i niqqi^ 'asndi] 
oiqnaaonnd aAiqon aqq jo aouasqn oq anp odmsi aaMop jo qnq sisoaaau qnj oiqnajonnd oq • 
jnjixurs ssaaojd n ‘Apoq aqq jo qjnd Ann ni qnj oiiuaqosi jo paziqnninnjq ni anaao Anm 
uoiqnoyinodns qqiM sisojoau qainb n qnqq uMonq naaq Suoj snq qj — 'SisoHoa^ 
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‘uiij'iao 9 uuoopu 9 jo jCiq'Bqoad si •uoi'^’c^o'C} lo jtou'BU§9ad Smanp Jtiooo iC'BUi ^).nq 
‘^^!}j9qnd .igijB noos no S9iuoo it]|i3nsn s^js'caaq oq!^ }o jCqdoa^^asdjCjj — ■iHdO'ai'aaaiH 

••Gjngid gq^ luoaj q'GAV !)^s9qo oq;} qSuo.iq^j uoisu 9 !}X 9 iCq (^snaiq 
gq^ aAjOAUi ’sgsugsip q,si 39 aq jo 9 q^ j:o 9 uo si sqjx — ’SisoOiiMONixov. 

‘sisopioaaqn^ jo ot^suai^o'G.i'Bqo si aarn^oid oidoosoaoiui eqj^ •ao’Bjans 
9q:j uo guraado sasnuis pun sai^tABO snoinoaaqn;), aSat?! jo uoi^juinaoj eq:^ q?pA^ ‘sanooo 
Suiua^jog ‘ Biuouio j'sa aoj uaqB^jsiiu iCjiSBa si qoiqAi ‘ssbui pj'Bq n jo iiiaoj aq!j^ saq'B:} ;}i 
{}sjq ;jy •9.1'Bj !jou !^nq uoiuiuooun si ^seaaq aq:} jo stso]noaaqnj;, — •sisooaoaaanx 

•uoi^nanpui 

aq:j sasvdiom sisoaqg SaidojaAap y 'smsljo ppv pnnoju paaa^snja aq ifaui 
qoii[M sqao :)ui;i§ pua spaa iiit?oj ‘spaa pioqaqfjid'g ‘s.reaionuoqdaotto?|od jo saaquinn 
Suiit.i'BA qqjA jaq:ja§o:^ ‘spaa nuisisid jo saaquinu aSaci jo si^sisuoa ‘uoiij-uasaa g.noq!^iAi 
!fnq sisojnojaqn^ ajquiasaa Avm qaiqM ‘noisaj aqx ’Si^^i^^scui qpiu ^pds pajiua uaaq 
sup pUB ‘tsuioinumS snouaSopua ut? si -Suisinu {j|naqjip jo it.ia;siq v qi^pu pai^yiaos 
-SB uayo ‘s^anp ^{aBuiiuBui aq:} jo aan^dna q:}iAV suoi:}ajo 9 S jo uoi:}BSS{dsui puB siSB^s 
£c{ pa^Bpiui iioi:}BrauiBpiii ub si uoi:}ipuoa aqx 'SisauaSoqi^Bd -aq}. iCq pauiBjdxa si 
aaiiBjBaddB oidoosoaoiui aqx •BUiouia.iBa o} aauB}qiuasaj si a.iaq} uibSb }Bq} os ‘ssbui 
asn^ip pjBq b jo jBqj si aouBanaddB ssojS aqx ■ajqBjpiaui jsouijb si BuiouiaaBO aoj 
aSBjs siq} }B }i aqBjsiui oj jBqj os ‘ui.ip sapou qdui.if| aqj piiB ‘juaaaqpB niqs aqj ‘p.iBq 
}SBa.iq aqj SiiuBaj ‘apisqns uoos suiojduovs ajnoB aqx ‘ sapou qduiiCj ^iBpixB aqj jo 
}uaiua§.iBiua puB ‘Sup{aAis asnjjip ‘ssaujapuaj ‘uiBd qjiM Aiuappns suiSaq qoiqAV uoi} 
-BiuuiBpui ajnoBqns ao ajnoB ub si uoijipuoa ojBa siqx~‘siiixsvjy 'I'lao ntsvix 

•a.mjaid aqj a}a[diuoo si}i.ia}.iBpua 
SuijBaajpqo ub puB uoijBajipui aijvtooqduuCx 'uoisa] aqj jo aanjBaj Suiqiajs B uijoj 
spaa }UBig jCpoq uSiaaox pBuajBui piodij qjpu P^py s[[ao oijjfaoSBqd jo sjaqiunu , 
aS.iB| suiBjuoa puB ‘uoijBiuuiBpui aAi}onpo.id oiuoaqa b SAioqs ansst} Sutpunoa.ins 
®MX ■'^nasaad aq Xbui S[B}siao piOB -iC}}BX ‘up/txojBuiaq qjui -^tjjuiBj uibjs puB 
adojaAua paa aqj 0} paqoBjjB uiBuiaa qoiqAi sjajdoap ojui uaqoaq a.iB spaa }Bj aqx 
'.(fpoq aqj ui aiaqAias|a siso.ioau }bj jo }Bq} 0} JtBpiuis si douvxvaddv otdoosomui aqx 

•juasqB a.iB buiouio.ibo 

snoqjjios jo sqBaajs jAopai^ aqj puB ‘aaBjjns aABOuoa aqj ‘uoi}aB.i}uoo jbioujboio 
' uoiuiuoa SI uoi}Bopio|Ba jo aaaSap auios jBq} os ‘spiaB ;C}}Bj pajBjaqp aq} q}iM 
auiquioa s}]bs aiuiq •}iib}uji A}}bj aq} o} uoijoBaj b s}uasaada.i qoiqAv anssi} asuap 
i^q papunojuis si js^^aopnasd stqx 'pjnp -^po Aiopa^C jo jood b SuraiBjuoa paiu-ioj 
si X}pvBo B puB ‘aoBid saqB} uoi}OBjani)ij spaaaoad uoi}BoyiuodBs sy •}bj oi}oj;oau 
JO pasodiuoa si bojb siqx 'suoijBajsnpi s^pjaijpBjj jo auo ui iLAoqs pa^A si qaiqAv 
‘aauBJBaddB jCqjBqa ‘ajiqiA ‘anbBcio ub jo si BaiB pajaajjB aqx 'uiooi SuijBjado aq} 
UI pazraSoaaj; aq ppioqs puB ‘oi}Sua}OBaBqo si uoisaj aq} jo douvj.Vdddr) ssouB aqx 

•aaauBO joj uaqBjsiui iCppaaa si uoijipuoa aq} }Bq} os 
‘uiqs aq} 0} }uajaqpB uajjo sr qoiqAi. ‘paiujoj si ssbui pazpBooy p.iBq y 'sapBoap q}jy 
puB q}.inoj aq} ui juaoo sasBO }soiu puB ‘s}SBa.iq pnj aSaBj q}iM }ua}ndaoo XjjBnsn a.iB 
s}uai}Bd aqx 'Xio}siq qans ou si aaaq} sasBO aq} jjBq-auo }iioqB ui }nq ‘sisojoau }bj 
oi}BiunB.i} papBo jCjuouiuioo si uoi}p 3 uoo aq} }Bq} os ‘sasBo A!uBm ui paurujqo si uoisaj 
aq} jo aauBjBaddB aq} a.iojaq itj}joqs }SBajq aq} o} buiiib.!} jo i.io}siq y ‘(aiBpy 
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suoisaj raajsAs srioAxau jnj:)uaa jd ‘:)uara3bp'Aa^'aqj,§upuaAa.id jo agnjunApn 
jnajg aq^ snq ’iig 'niraaun snopiujad jo juarapiaj:) aqj ui pasn si p’un'udi:) 
-njiijnui joj snpiiujs pijjaAvdd n sapiAOjd ipiqAV jopnj qjAvoj§ n osjn si 'ppn 
01 {oj sn UAiouq Apioraraoa ‘ppif airanjiqSjAo'jajd ‘dnojg g uiranjiA aq:) 
JO jaqraara jaqjouy 'Aqdnjgojnraojqo jadnd Aq pajnjndas aq uno ajdpuud 
aqj^ -uajpiiqo ui qjAvojg ui aJnpnj joj pasn uaaq osjn snq pun ‘sapij’unnb 
ajnrara nrnrraaun snopuuad jo luarajna.ij aqj ui aAijoapa si jj 'uoijnlfp 
qaiq AjqnAajpqun UI srasiiin^jo-ojoira jo qpvojS aqj saouanpui pun ‘ajnunra 
Avoa piin sajqnjos qsq ui Ajs'noiAajd punoj jopnj Siiijoraoid qj.AS.ojg aijj oj 
jn|iraiS'^jojDnj‘qjuAOjg n si jj '^fg paranu snAV pun gp0x ui saqoig Aq jonjjxa 
jOAp raojj pajnpsi sn.u qoiqAs. uiuinjiA n si jj -sjanjjxa jaAi'j jo ajdpTrL^^ 
aAijan aqj. si pun ' jaAq pun qonraOjs aqj ui pajojs si Jopnj'udijn;mj:nra aqj^ 
•(uosqoanp)' niraaun snopiujad UI quasqn Apja|duioD jsorajn jo Apjajdtuba 
ajn ^snpunif' aqj ur qou jnq suoijjod onipjno pun aiJojAd aqj.'ui xuasaid ajn 
ipiqAV ‘qD'nurojs'aqpjo sypa ii^n jiiag jn aq 'nsoanra oi jjsng aqj. jo Aqddijn 
aqj aq Amu agunip aqj jo sisnq aqg, 'joajap aqj jo .lajonjnqo Ajnjipajaq 
aqj giiijnoipiii ‘^niuraun jnoqjpu nijAipn Aioqs Anra Apuinj aqj jo sjaquiaur 
jaqjo ■ niraaun jo juaradopAap aqj, ajojaq sjn'aA Aunui Jdj' aamf' aiJX'Sng 
aq) in ppn aajj ou aq Anra ajaqj qgnoqjin 'ni.ipAqjoppn qjiAv pajnioossn 
si jojonj siqj jo aauasqn aqj, jpaziugoaajun‘jnj bs Jojanj ai)iaads~"aiiios 
)nq-'aainC'au)sng aqj jo uisdacf a'ig xou ppn aqj. ■joii si jopnj oisuijjui aqj;^ 
•(jo)onjbisuij)xa aqj) uiajojd^^pOoj-n uo (jo)pnjoisiiij)ui'aq)) auiA^ua opjsng 
n JO iioijan aqj Aq ‘apsn;^ Aq pajsaggns sn ‘paiujoj si ajdpuijd uoijnjnjnui 
'Ajuajd JO 'jspiTO aq). ui x\)..iaAod si ajaq') Psiraouoaa ]nai)i|od aq) uiojj 
pjOxiupjno n xAojJoq oj^ ‘sjaqtunu Aun ui lunajjs pdo|q aq) ja jua o) ajqnun 
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pim uaajds ‘aaAy aq; ni sa.io;s uoai aq; (g) pim ‘pooj aq; (;) : luqoiJJouiaq 
;d"a.iu;aiqnimiir aq;“nopuo.n~p“sayddns'oTA; a.iii a.iaqx jmu.ioii ;o 
.10 {tnniauv oijfioojouu) piuijou unq; .layiinis aq Amn syaa pa.i aipp -jjTilojJp) 
si uiuiaim aq; puii aaoi si xapni-aopa aq; ;iiq; os ‘iioi;.iodo.id jimba 
UTqjaqsTOiniip ;ou aji? s[{aa poop pan aq; ;nq ‘Ai:o| Si uiqo[liouiaq p ;iinoum 
jipo; aqx miniaim AouaiDyap-uo.n mi su passup aq Ainu non jo sasop 
a;inibapi 5 0; spuodsa.i qaiqAV niinauu Any— 'SBraiauv Aouapyap-noq 

•dopAap satapani'os Aiira uiinaim jo 'adA; anms aq; ;iu[; 
ajdiauud oi;aiddoiuaq“ aq; ‘jo' a 8 cao;s q;iAv qanui bs ajapia;ui Auui .vi.voi/ ././/,/ 
sii qoiis WAq aq; p asuasip asnyiQ •ani;aid poo|q aq; ui aSimqa aq; pin: 
Aiuo;aaj;suS aq; uaaAv;aq sasdiqa [nAaa;ui Suo| i? pirn ‘iiiuiauu aq; do(a.\ap 
Auio;aaa;si?§ p sasua Ava; 11 Ajuq -paAouiaj iiaaq siiq qai 3 ino;s aq; jo ;nid 
Jjtiuuaq-ppii aq; ;i iiiuiaui! opAaoaanxn Aq panoyoj aq Aura lhuopa.iiwfj 
•uiraaim snopinaad ui nuq; aa;;aq qanni si sisoiigojd aq; piiu ‘;nara;ua.i; 
.iaAi[ o; Auav piiisn aq; ui spuodsaj •(AauuiiSa.id p uiraauu a]|rao .iqaodAq 
uoraraoa aq; q;i.\i pasnpioa aq ;ou ;snui siq;) rani.iadjand A[.ii?a aq; 111 
puu Aamrayajd p sq;nora ja;iq aq; Suunp uiraauu snopuuad q;iAi {uai;napi 
uiraauu im dopAop uaraoAV jo aaqrann yuras u flouvulidid iij Mo;au; pnaiu 
araosaq Aura a.iaq; -quq;' iiui;sa 3 Sns ‘pnU|iii)q‘ni .niaao uiraanu sriiuqdaaoiJ 
-q;bqiQ Jo sasii.a"ai{;'J(r;so']\: • Aa;unoa quq; ni UAVompin ospi si uiraauu snoia 
-lujad' puu ‘uiraauu q;iAV pa;uiaossu .ioaou si ;nq uuduf ui ifduiuida AaaA si 
noi;u;sajuTTU.ioA\aHp •a]diain.id Sui;uoAa.idr.uiuiauu snopiiuod aq; o; 

uiqu 2 uiq;auios p aauasqu Apissod ‘uuuanu aq; aanpoad 0; A.iussaaau acj 
;snra ui.ioav aq; sapisaq Jo;aiq piuopippu amog qaAVoq aq; ut ;uasajd [ji;s 
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9q:^ Aq‘pa:^'Bj:ai8D0B si-'pioi? jo aouasq'B sq:^' i^q paqsuiiraip ‘Aqi{iqTi|os 

:).'Bqp; sq o'?. s.readd'B (li'Bu'aSHi'C'uY ^unora^^ jo srafeiS g :?noq'B si y^poq 9qi 
ui ?.unora'B |'b:?o:? 9 q:?j ^poq aq?. p spoou oq^ jo ssooxs ra .rej uoq jo sosof 
OAiss^ra oq?. joj uosBOJ^qjg •■Bjraau'B snoioinjad ui ?.n9ra:?'B9J?. JSAq si? 
oipiH'Bjp ain'BS gqpsuq ‘jaddoD JO 'spridraf {['Btiis qjiAv. patiiquioo uaqA 
ApiJiDadsa ‘uoij~jo sjunom'e aSi'Bj jo ubij'BJjsrairap'B aqj^ P uoTjdios 

-q'B puT? uoijiijos 9 qj joj Aj^ssoDau si pp'B jo aouasajd, aqj su ‘'BiapAq.io|q<- 
-odivq aqj oj ’jj'ed ui pua] jb /anp si ujnj ui qoiq^A 'uoji jo uoijd.idsq'i? aq? 
lu ainqej aq oj sj'Bad'd'B Aouapqap aqj jo sp^q aqj^ ‘Upojgouiaq qjm"paT{cl 
-dns Apdod Suiaq jiiasajd asoqj ‘poo]q aqj nrsqaa pai jo Aouapgap 'B pm 
‘sjsBfqotujou qjLA .AOj.reui aqj jo Suqjnjs "b si j|nsa.i aqx ■sjSBjqoiii.ioii 
aqj UI dii jqnq Apadojd jou si apioapni upojSoiuaq aqj (z) 

Ajqamb sajAOOjqjiUa ojui dopAap oj a|qBiin aiB iaqj pqj os ‘Siippu] 
srsjSK[qouiJOU aqj Jo uoipunpui {Biujou aqj joj Ajt’ssaaau snpiraijs aqj (j) 
qDi‘qA\~jo''jpfsSj 'B'SB'’‘A^iiapgap-^ ub si uoijipuoa aqj jo 9mvo aqx 
•Bmaddp!doqi5djqj]p'u¥^^isdjXddqdSiAj^AipYaPII|TO si a.iaqx 
•BimauuBnopra.tad jo oijsijapBiBqo sisAyoraaq aqj qjiAv pajBdraoa SB ‘(up^^J 
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'Duumv oiifiooxoiUL b aiojajaqj si-jj ‘{Zff poijou uBqj najBaii^o'si ?i 

BiiiiauB sndpiujad'ui ayiqAV ‘jBiii.iou’ uBqj .lapBius SI sypa paj aqj jo jaja 
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^HX srajB aqj ui jiiasajd aq Abiu Suiygiiij puB ssauqninu sb qons 

SBisaqjsajBx -BiuiauB snopiujad ui uaas .laAaii aguBip b j/padBqs-noods,^ 
auioaaq Aaqj jBqj os sagpa aqj jb dn paujiij puB ‘pajBijjs AqBliipnJiSiioy 'ayj 
-juq puB A.ip ajB Aaqj ^ aouBJuaddB ’ai Jsuia joWiBqa Ajoa b jiiasa.id iiajjo syiBii 
®HX ’P^-^ P’^'® ajSub si ji sasBO aJaAos aqj ui iBiraauB snopitijad ui uuqj 
AjuouiraoD ajoiu iiaA'a pazByg puB ppq si an®uoj aqx 'ppsiA AjaA si aamC 
aijjsBj^ aqj jBqj os sjiiajuoa qaBuiojs aqj ui snanm Tpiira piiB 'qaBidojs 
aqj in ppu ouoyipojpAq aajj jo 'aoiiasqB juan'ba.ij 'ajijaddB joo^.— sijujsb^- 
JO aanapiAa si a.iaqx ■pa5pBiilt33B:^'SOTojdirrA’s\aAi^ -BiuiauB oiino.iqD 
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JO xpnra iCounuSajd Sui.inp qnqq :jDnj aqj pun poojq jnn.qsuaui jo ssoj aq; jo 
osnnoaq ‘aojonj qunj.iociuii mVsi xag •uo.ii ui .lood st qijui sn ‘ad.^j siqj jo acj 
Anta uajp|Ttp Sunoi^ ui niuiauY •uopnn.xqsuaiu pun iCounxiSajd oj xiopiqoj 
UI uauiOAV xiT /Cf.xx?{nDXj.ufd paip axp xq x10.11 jo >pxq n opaixp si sassnp joaood 


CIOOIS HILL 


ZLL 



•pmiojaq 

p spUB^si sraos :^nq ‘{fff 'ot^) sqao av9j a\i 9A suaquoD-pu'C 
u, gjoin 9[:^^q p iouipisuoo ‘o]P'B[d'B j^pmiopid si Aioiiuin-auoq pa.! 

uaSouqiqom p aDnujuaddu aq:). jo poop aqi ni uiqruqiq 
p asuajaiii hb sfe qans siSiCpuiaq p aouapiAa ou si 9 J 9 qj^ ^ao| iCpraaa^^xa 
pu pq ‘p'lnjon iAOjaq si xapui .lopa aqjL •'BOig'Bqi.ioraaeq T 3 .md.ind an.iq. rao.q 
uoiqpiioD aq:^ qsin§iii:}sp o^ :^|nag|ip Ai^a aq .^iira :^i pins 'ainpid poraqo 
JO 9 .inj,T 39 j pTijjodini w niioj saSnqiJOinaq oimdjnd T 3 iuadoj.^ooqrao.iqj 
amaajxa aqj jo pnoao-B hq -siiaa paj aqj. sb qaxv st 3 spppjd pun sajAb 
1 -oanoj aqj ‘paqsiiqiiiip a.n 3 poojq aq:j jo spamap para.ioj aqj. qy ’agBpiiAV 
aqj pooS aqiiiii oj. SuqSSnjjs si AvojJBin oqj pqj^ apaipni qaiq^A ‘’Dja ‘sajAa 
-ojnoijaj ‘BqiqdopinojqDj^jod ‘sqaa pa.i papapnu ‘sajAao-ioinu jo aauasa.id 
aqj SB qans saSuBip aqj jo anon ajB a.iaqjd|Bra.ioii iCpSiiBjp suiBiiia.i' uqy 
poojq aqj pq ‘araajjxa sainoaaq BiraauB aqj^ -sajXaojqj^fe pa^Coipap 9 qj 
p aaBjd-aqj. aqiij. oj. Smipon si a.iaip pq 'no 2 upS si uoipnipap poojq jo 
pnoraB jBra.iou aqj^ ‘paraioj si podjq aidin on j'ljiin AVoi.iBra- 9 Uoq aq:j jo 
AqiAjjaB aqj sassa.idap jua§B ainog •irAvouqun si asnBO aqj^ •rasiUBqaaui Sui 
-:jBjn§a.i jBaq aqj qjiAi. aoiiaj:aj.iajui oj. iqqBqo.id anp Poramoa ^^jaA si jaAoq^ 
•sqponi auios pora aqj. p .10 ‘sqaa.ii Avaj b ui piaipd aqj. Suiqpj ‘ppj 
^puia.ijxa puB ajnoB AaaA aq Xboi :jj -sPai^ Xqi.iiqj puB uaapq p sa^B aqj 
uaoAvpq ^CqBnsn aidoad SdnoX iii Smunaao asBasp a.iBi b Xppunj.ioj si 
nuoflUmimd aqp •A.iBpnoaas id iCjiiraiid aq Xbui BiniauB aijsBjdy 
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•para.ioj j^j:iado.id pii si ainaapui uiqoiiiuuiaq 
aq; piiB no.q jo A’aiiapqap b si a.iaq; ‘puBq .iaq;‘o aq; no ‘SBiiuauB aiuio.iip 
-odA'q aq; iij ’aiuiojqa:r9d:A!q 9.ioja.iaq; 0 . 1 B sjpa aqj^ •sjpo' paa' aq;“jO 
Brao.i;s aq; p s;u9n;i;suoo aq; ut aq 0 ; smaasqaBj [Ba.i aq; ;uo.ii puB juaraSid 
UTqoj:^oni9q'p ‘’siqd.tns b paaplii ‘aauBpunqB ub si a.iaq;' BratanB snopntiad uj 
•jaAq aq; ui aq :A!Bra ;a9jap) aq; (g) .^^qBuq puy -AlraojaajjsBg jo sasBO Supq 
ajdniBxa shoiAqo ;soni a'q; ‘;i 'o; pa;ii9sa.id si ;BqiA azqi;n 0 ; ajqBun aq 
Anra qaBinojs aq; ;nq 'a;BnbapB aq i^Bin pooj aqj^ (g) ’pooj aq; ui aq A’ura 
A’ouapqap aqj] (j) -Aouapqap jo raioj anios o; anp qB 0 . 1 B Aaq; ;Bq; ^Cbs o; 
sraaas ;i BiraauB {Buoi;ij;nu p sra.ioj shobiba aq; iiniAvaiAa.i uj 

•suoqoajur jB;uaim.iadxa ' in 

iii 9 ;sAs |BT] 9 q;opu 9 - 0 ]noi;ai aq; p puB anssi; AjpBimxiBgui ui sa;TqniunoaB uo.ii ;Bq; 
aAaqaq 0; uosBa.i si aiaqx ((•ubi;BPjoj'inqO|§ouiaq UBq; iio.u .loj A;uoud .lajBaiS b 
SB q qoiqAv noqoajui 0; uoqBjaj ni uoqonnj aiuos iig|nj o; uo.ii joj puBuiap ;naS.rn puB 
;na;sis.iad„ uAvonqun aiuos 0; Apupo-id anp suopaajut oiuo.iqo Suunp uoqB.iauaSaj 
upoiSoinaq .loj noji jo noijBzqqn aq; ui a.in|iBj b aq 0; s.iBaddB a.iaqx 'nos-iad 
jBiujou aq; ui saop ;i sb iron BursByd aq; asrea no.ii jo uoi;B.i;siuiiupB aq; saop .ion 
JBIU.10U Aiopq qonin A.iaA si uoji ButSBjd aq; uoqipuoo siq; ni qnq; imoqs oabij 
sajBiDossB siq puB aqoa;u[^ 'AdBaaq; aaAij puB uo.ii o; A'.io;oB.ija.i a.iB SBiiiianB qong 
Aio.uBiu aq; p BiSBfdB .10 sisAjoiuaq o; UBq; .ioq;B.i uoqoajui jo-aauasa.id aq; no 
;uapnadap •Aqua.iBddB S[saq;uAs uiqojSoiuaq jo A;i]T!iu.iouqB auios 0; anp si BiuiauB 
aq; ;Bq; a|qBqo.td sinaas ;j -spipaBJopua ]Bi.ia;oi!q ■a;noBqns Suiaq a|diuBxa Sui 
“qu;s B suopodjui oiao.ti[o Aubui jo a.iii;Baj b si Biiuany — 'NOiiOMX]; JO viimNy 

*uiqo]Soiuaq jo sisaq;uAs aq; puB sisaiodoaq;A.ia 
nt ;.iBd ]Bi;nassa anios sAnp anixopi-iAd Sid aq; ni ;Bq; ;uappva si ;j •BiiuauB 
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-oclAil r. FI JOtiiaoj otjx Ma.iur.i pim ‘srioiviajui pun ‘'^unudAr m- 

q.inF FOS^Fip iKiioipnpsiio.i o; .10 aso-uittii paj rq A.inrin jAA.iip “„;„o nn-iv,, 
-JO} poopi tntA' o,nio.to}.io}tit tpiA\ p3}\qA0SFv. osoip pno poopi ,0 ssoi 01 oiip ^ntuAur 
atp popni^is n -dll xi^aiS i]oa\ Xann ui.io} snpp ■A.nqmo.wv so; iiswm iinn 
pinitioin; oip }o Fdnoj® tinnu aq} jo ouo oSn Siioj of }ox— ‘vikhsiy ahvonojoc,- 


•AATIOUiHil'm 

opFoniJtTip p aq Ainu so.inp;a} asaqj^ •(qSnu.^V) odX} m aiiAi<niioq Afi 
A'inn iMinauv aq; Uip^qs si vunaw; oip iiaipu uoao poopi oqi in .inaddi: faia'a 
- oiaA’tiqjnn s[ioa p 3 .t po^vajomi ‘-3 -r ‘nnuaiu! oi}s})iqojij)lij,)-o,vi^} }oa.un.M(i 1; 
aq A’lnn aaaq:} A\6.i.nnn-anoq aq^ sisopinouiaava jtj •a.inpaid poo'pi .nqiniiF 1: 
Faanpo.id ‘ASopnp TiAVompm ‘paqddn si p aunui aaiVIuas 

-ap aqi qoiqAv o:} uoisoj aqj^ -dojaAap a’uiu (iquiam! aip.i’a|aso3po) inuiaui: 
oipiqdti nv. ‘paanpa.i AAoa.niui aq) pm; paua>piq) si aiioq aip qaiqAv m STso,ta]aF 
-oapo si: iiAVOuq iioiqipiioo a.n;.i aq) iij •(pm.tXq) ‘iiiiiq ‘Aanpiq ‘‘apq?„,Ki 
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•■ciFtqci.i9<lAq }0 aanasq;; a}0(duioa iSupwoqs ‘iiiuiatn; opsiqclT; in Mo.i.imu-auoj)— Hy ai.i 



‘)si!a.iq aq) jo uuioupj'Ga) ^lupuoaas .10 (aoran) 's^SuiAvg' ' '11111013X111 ajd 
-ppira) X.it;un.id aq Xi?ui siqx ■q)Avoj§ .loiiiii) Xq pao'Cjd'ax si AVOMiim 3 q) }o 
anssT) OTOo 8 o.iq)Xaa aq) qaiqAv in iiiraaire Di)si;|di 3 Xjtipuoaas jo X)ai.ii;A 1; si 
vimaut) ojsrijpj([opf!j^ •ui)aaXiiio.io]qa p asn paniii)uoD-§iio{ aq) Xq snosiad 
ajqi)daasns iii pasniia aq Xiiui niuiaiii; ai)st;{di; pqnj uapa pini aiOAOS •iiiiuam; 
p 111.10) ai)siqdv, 1113 o) piia) o) su X]a.iaAas ds a\.o.iii;ui aq) a-iiiCui qi; Xiini sXnj 
-ua 3 )uaoa pire ‘pnp)oj)iiiu) pin; pziiaq si; q.ons suosidd ‘suoppnoa aixo) 
panui)iioD pun ajOAOg -pooiq aq) uio.i) )iiasc(i; an; sqaa pai jo sui.10) iioi) 
-i;.iaua 8 aa pui; Xsdo)iii; )i; pnnoj aq Xiiiii i;isi;)d.iodXq ou )i;q) os ‘)qSg 
3 ai 8 Xnui AVO.i.n!ut aq) niiuain; snoi 3 iu.iad )0 aSi;)S-piia aq) 11 j -Aioxinm aq) 
jd" udpsmiqxa' 0) aiip Xjinusn si nmiaiiv. apsiqdi; jo unof fij-vpuooos aqx 
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.US 3JB SJUrfB "“““V OI^AIOHIBH SllOUaSoXB pSZXuSoOSl 

ipBBx JO UOJJOB OHJ .«J POBOBO oq Xo.u BmxooB 


; iCiuo'uo^mir^til^gg’B SI 9.iau:^ raii-ias siqi qiiA^ p 3 :^s 9 :): 3 jti -^ 91:^13(1 p s|| 

pai sq^. H9i[,\;Y p9Dtipo.id ^upq nitii9Si|n^ UBinnq v 

‘uqnqojS raiuas UBUiiiq q^-iAi. pazmniunii si ^qqq'CJ y ‘sinioj ^^J'oppaasq aq:). 
' ui :^ou :^nq pajinboB pq^, ni spaa pa.i aq^ |o 

1 -liyggB) saipoqnu'B lo aouasaid ^m. Aioqs oq pauSisap si :ysa:}. sqraooQ aqx 
^ ^ ^ -sas^D asaq; 


ut aAiqsod st qaiqAv uoi^o^a.i squioo^ aq:y ioj a|qisuodsa.i saTpJqpirB^o^™ 
aq:|. jo uoipnpojd aq^ qq-‘^'^ j'C'bav amos iii pa:y.aaiiuoa aq :y.oii j^'era say^ooqdiiiA| 
.)i:ysiqdoau aq:). laq^aqAv o:y sn uoiqsanb aqq saspa su|j^ •(:yjod'Bdd'B'jj) 
unioajusoqdtnAi ptii? '8iraaqna| oi:)'Bqditi.^[ jo sasna ui sanssi^. pioqdra^j aq:) 
HI sapfooqduiA| oi:)Si3|d'oau ui punoj uaaq aA'cq poipyata qqqog-ppTJ'O'ipOiSad 
aq; qqAv uoipiiai aAiqsdd AjSuo.i;s v SuiaiS saipoq oqiqdopiO'B oirasBjd 
-o;Ab-Ba;ni ^unpunq'B ;'Bq; a;ou o; ;saja;iii ;o si' ;j -pasiiaaDap iCipaq-iHui si! 
spaa paj pasripunj; p ami; pAiAins aq; pun ‘sasno’ p jaqmnu n iri pdD|qi 
aq; m- pa;nj;suoraap uaaq aAuq suisl^jbuiaq Sui;n|no.iio sn 'adA; siq; ;o aq 
A'nui 'Biuouioina pun i3iuiaqi\a| 'snraoqdtUuC| ;unii2p'BUi aq; sn qous sasnasip 
ai;siB[d6au p niuiaun aq; p aiuos ;sna| ;y -ppa o; ainsodxa q;TAv pa;nia 
-ossn i8pnuuqo|gouiaq prasjCxojnd aqq pun sqn;a; s\8o;sn|qo,Tqp<ia '(nituaun 
ap/Cpuiaq p A;aunA ;s9u6uiraoo aq; A’pnqojdKsayCao.iaqds pun saipoq 
-i;un Supnpiojio q;iAV aiq;ndoipi sn paqi.iDsap aq'^W qaiqAV sasna sapnpui 
dnojS paunbon aqp^ •aAiqso'd' ^^puanbajpsi ;sa; sqraoo^ aqj^ ’OAlfaq; 
p uouiraoo a.ioui aq; si qoupu niuiaun oiyCpuiaq p psuinbor) aq; si siqj^ 
•sjaquinu aAissaaxa ui paA’di;sap a.in Aaq; ;nq; os ysasna Ainui ui saipoqi;u'B 
oip^puiaq) sj;o;otq qnuijouqn paunbon Aq paia;|n aan Aaq; ;nq ‘paanpoid 
uaqAvqnra.iou aju spaa pbo|q pa.i aq; dnojS puoaas aq; iij (g) ‘aApn^au si 
;sa; sqraooQ bqj^ •niuraun unaun.i.ia;ipajy pun niuiaun paa appis ‘nituaun 
ai;Ado.iaqds ' A.Tn;ipa.iaq am s;oapp .in|uasndaoan.i;ui asaq; p saidiunx^ 
•padnpo.id-aUa^ A'p.inssaa9u ;ou ;uq q;.iiq ;n ;uasajd Suiaq'sapiuSis qaiqAv 
{n;TuaSuoa sv o; pa.i.i9p.i a{2uojav Aporaiuoa si ;i q2noq;p ‘ad/f; fU'v^riJ9U9i( 
aq; si sp; ;nq; os ‘auaS n Aq pa;;iuisuna; si ;a9pp aqx ‘paAOj;sap Appiia.! 
aan Aaq; ;nq; os' uoi;anj;suoo A';jup jo aq Anurspaa-par aqjQ (;) 'sadA; 
y I y,i’ ;uajapip Ajpunopad om; p auo aq Aniu uoi;au.i;sap p uisiunqaara aqj^ 
;'V]'"';.7;‘snaa'paj ‘p'--uoi;naaua2a;''pa'sijaXaui p aauapiAa Aq paiunduioaon si pun 
. spaa poojq p9.i p uoi;ouj;sap aAissaaxa jo ;]nsaj aq; si niuiaun aipCpuiajj 

- •ni.mmqqg 

-oraaq {nuisAxojnd pappn aq Anui asaq; oj^ “niuiaun opsnpojqqAja pun 
‘nimaun {'po-appi's ‘aaipunnT 'dpAptliaq am dnbj2 Amrapd aq; jo saaqraaiii 
piqa aqjL ‘niuiaun snoioiuja'd 'p 'a,in;na| oi;spia;anAnq3 n' stuxop ;i pm; 
'iaaoao;daj;s apAjoraaq q;iA\. uopaajui pun ‘ni.in|nui ‘a;iqaq'nus' jo ;pisa.i 
aq; sn sjnaao sisApuiaq dno.i2 A.inpu6oas aq; ux -sdno.is Ampuoaas pun 
‘aupndoipt jo ‘Ajnraijd o;ui papiAip aq Anur sniuiaun apApuiaq aqj^ 


BimmY oii,z.T:oMaH wbs, 


•nimaun opAooiujou 


Adnj 0 q; uojt jo jaAq Aq ;s3;qSqg aq; iii pa;qau 9 q si Jaq;i9^ 
oiuioaxpoiujoti v ja;;n[ aq; put: niuiaun oipCoojoiui oiurojqo 
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Aiini n . 1 . 1,1 s.'iim.i.ii 


.iij luuioui; snotnjn.i.id aip ,'ijquiAsA.i A'lAsoj.i 

TMtuoin^ oq; n -Pl-TOAV oq; m ^.ivd siq Atqd o; ,qqK p,„; snini<i„KV in.^nu; 

Aq p«i^ ‘000‘000'S Avoi sv. v. AAv.q Xr.ra pi.iurd . 1,1 1 -. ki'h 

oq; tn 9J0A0S ^piq ‘ppra ^ipinsn 'v.nnmv. A.TiqMio,^,,s ^ 


, , . , , ■A\o,i,ii;m .msKid 

-.lodAq aq^ Aq paanpo.id s^tfco.iodo 9 ^so Muiavo M.in 4 .Md .uu-n.^.diuao'i .I'n 
in aauii.u; 9 ddi; uo:q!o-qiom Xqopxl v pui; punpnp.duoi u«,r- . 1 ,',,,,, 

.qq\;.Tapisuo 9 SI uaajds aqj^ -qiasa.ul A-nuanhan an' 
|o.ia;saioqo p a.nnxuiqn; A’ln; pioqqAv adX:^ luqn.Tqiq a,nKl aq^ p s-ano^s'in’M 
•iu)Tjoi 7 a.i qS.iaa nap aniA qaa.npin uv saAig pooiq aqj^ -a.^Tpininf Tii.nqnir.n; 
aimm aq:^ aauaq ‘aupin aq:^ 'in -.iTJaddTC-^m saop uupuqiq qnq ' muj.,), aq, 
lu pa:^a.iaxa si qaiqAv ‘iiagoiii]iqo.ui p iioipaupo.id pasiia.ioiq ‘s]oo:)s aqa m 
uiqii-qiiq ssaoxa lui a.topjaq) si a.iaqq^ •uopaii.i^sap pao’iq aAissa.ixa 
giiiAVO iiiqn.qiiq p uoipiipojd ])asi!a.iaui o) anp'si aaipuniif aipp •paui.uq aq 
(q asua.) spaa aq; uaqA\ pa;aadxa aq a'iuu sisi.i.) apiaii uii’qiqVqiaptAa si q 
(s.\iq) A;uaA\; pa.ipunq auo ]xuii.ioii aq; q;iA\ j)a.iuduioa) SAiqi uaaqqj .qiui si 
.isiMb'ip ’■*! P 3 ‘i 9 q^ .^o agii.iaAi! aq; sy ‘(iiajAiQ) spa.) pa.i )n 

uoi;xuiuo; ;o uoi;x!ssaa a;a|duioa q;iA\ oiissi; .ai;aiodo.iq;X.i 3 aq; in uuqpiun.) 
.)i;siqdi! o;u.n! un p ;pisa.i aq; A;ip?a.i ui si’ siqj^ -iiaaids .laAp .up 
;o uoiga.i aq; ui upid ;o sqai:;;« q;iAv uoi;oii.i;sap pooiq'pasuajom sl 'a-iaq; 
'q.aiqAv ui ,/sasi.ia,, oi;sua;oii.niqa aq; o; anp suoi;v.qjaaiixa pmoisii.i.a’o qq.w 
;nq U 1 . 10 ; ppui ut A’jpinsn ‘a;i] ;uoqgnojq; s;sis.iad aaipuniif aqj^' •aaipuiiiU’ 
ao 'uiuiaun on ;nq ‘spaa pa.T apgi?.T 5 aTftq Ainu Apuuq aq; ;o s.iaquiaxu auinp 
•(iuniiqiapui.q\r) p\;ssaaaus shav iCmo;aauaids Aq ;uaui;ua.i; uoqAv ‘s.ivoa 
aAq-A^uaAas p ag« aq; p;uu ;ua;'U{ paureraa.i asT 3 asp) aq; qaiipw ui pa;.iodaj 
si asTJO auQ •apT 30 'ap“puo 3 ^ aq; p;un qas;i ;sa;iuimi ;ou Xiiui ;i qgnoq; 
‘pqiuaguoa Xpnnsn puTj iTipinnTj st 'uimau'c oip'Caojaqds .‘i.iTiqpa.ia].; 

•paoiipui-auag ;ou aau iteq; aaaq ;nq ‘sniuiau'B Di;A'|oraaq paimbaii 
111 punoj; osju aau sap^oojaqds ;;iqppa;ou "aq ;snui ;j •aopxunxiC ao iquiaini 
j^q;ia' ^'iVOip^pw sisop'Coojaqds -aq-x^Tnu'-ajaq; asmiaaq ‘siso;Xaojaqds .xaii; 
-ipaiaq aq ppiOAX xiisxiaosXp poojq aq; jo; aninu asiaaad ;soni aipp •aaipuniqt 
o'i;A’{oraaq |T?;iuaguoo si uoiqpuoa aq; jo; aranu uouiraoD 13 ;uq; oan;xioj 
si’q; si guiqi.T;s'og -auian aq; ursa'caddu ajiq on asnuaaq aaipmud ouiq 
-oqai} sn UAxouq osjn ‘aaipun'ot oi;.*v|ouiaq u- o; asu saAig uoi;oT\a;sap poo]q 
OAissaaxa aq; pun ‘spaa -asaq; jo i?;ipgx;a; pas'caaaxn ao; a|qisuodsaa si siqj^ 
•sa’sip aAUDuoaiq iniujou 9 q; ;o aax!{d m-sa;Aoojq;::?ja aq; ;o aduqs jspioaaqds 
aq; SI ;oa;ap Xji;;ipa.iaq oisnq aqjL— •'Bnnauv o;;j?ooiaqdg Ai'BqpaiaH 

quatmiojiA 


-iia aq; ui sap ;i uiao;"paaTnba'U ‘aq; ui stiaaaqAi ‘spaa paa aq; ui sap ;jni:; 
aq; uuo; pqiiiaguba aq; iii ;iiq; sa;x!.aipiii siipp -suosaad piuiaou o;iii ])asnj 
-sucj; xiaq.A A'pnuiaou OAiAjns iiimain! api^jouiaq paainbaii ;o spaa snaaaq.w 
‘muiaini ai;A’|oiuaq paainbai; q;i.\\ s;nai;x!d Aq paAoa;sap Apaidiia a.ni spa.) 
paa puiiaoii ‘pm:q jaq;o aq; UQ 'SAiip uaa;auiu 0 ; iiaa;aiio; iiiq;iAV A|a;a]d 
-uioa ai?addiJRpa A’aq; uosaad |i?uiJoii u ;o uopxqnaaia aq; o;ui pa;aa_fui aai: 
tiiiuaui! ai;A{oiuaq pqiiiagiioa q;iA\ ;nai;t!d n ;o (sa;Aaoaaqds) spaa paa aq; 
iiaq\^ •KA‘'i!j) A;uaAV; paapiinq auo o; paapunq auo uio.i; saiaisA a;p aiaqj^ 
•noji aAi;ouoipi!a SI! pans ado;usi iiu q;jAV paggu; aq uua spaa paa |i!iuao^ 

•a;a ‘a;ist!ai!d i:iai:piui aq; ‘iDaoao;daa;s aip^jouiaq q;iAV uoi;aa;ai pun 
‘ (s;)unodiuoa iiqdpis ‘appnni;aau ‘upaauiiaqd) sgiiip p A’;aiJi!A u ‘inoiiaA 
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\\v\s 81 -^nq ‘.laqi^oui .iiaqi^ si uaa\ds aqfj puB ua.ip|iqo aq;^ a.m sasnasip 

-ouiaij 8qX)>' poraip ti saanpoad suq;} pun s^uaSi? aAt^ouj^sap jaiqo aq(} jo aim 

saAoma.! uaaids aq;^ jo I’nAoraay; -uMop uaqojq i£qa.iaq{^ aan pun ‘ua'a^ds aqi^ jo asoq^ 
A].xn|noTi^.ind ‘sqao inqaq^^opua-oinoi'^aj q\\% jo aouanqut ]naiuiiui aqj oj pasodxa vCjnp 
-un a.in sqao pa.i aqj AlliSti-q siqj qj Suia^o •srsofiCob]n.iaqds oj arip si jjasq qoiqAV 
‘sqao-pa.i aqj-jo-jCjqiSn.ij -pasna.iotn aqj'si"sdxio:iS-o.uj aqj uaaAvjaq quq Suijoauuoo 
aqj^ -siSojapisduiaq pun’ X|n^amoua]ds aan suoisai'in'ijuassa 'aqj 'iaatpm'nt'qm 
nitueun-aan suiojduiAS jnijuassa aqx— 'SNOisaq oi, siMoxaniAg ao NOiivnaji anx 

• (‘^u p siqg[) uajppqo ‘SunoAlii J9 Aau jnq ‘sjua'jC 
Aunra joj uo- gmoS uaaq snq sisA’|ouiaq uaqAC uaas si sisojqq siqj niraaun 
(s/ajoo3) unannijajipaj^r uj -poojq sqj^iTtroijqitroanaqno-aSpap^^ 

-qjTAv 'Sisojnrao.Tqoora9q jo asoqj moij suoisaj aqj qsmguijsip oj ajqissodrai 
paapui JO jjnogjip aq Aura ji jnqj os ‘suuSjo jaqjo ui sn qaAi sn snaaound 
pun jaAij aqj m dopAap Anui sisojqq jo aaiSap paqjnui n auiij jo asjuoa uj 
• paXpmrq^o 'spaaoxa siioisn|sunj j jo jaqranu aqj uaqAv Ajuo jnq ‘siso jnuiojqa 
-ouiaq guijnpiuiis ajiijoid n aAiS Anin suoisnjsunjj poo|q pajnada^ -siSjCibuiaii 
panuijuoa-guoj qjTAA pajnpossn lioijipuda Aiin in jiiobo Anm'stsojapisoiaapj 
•A’aupiq pun JOAq aqj p sqaa jnqaqjida aqj op sn ‘sisojapisoiuaq Avoqs osjn 
(A\ojjnui-auoq pun laAq) sunS.io jnqaqjopua-opiaijaj jaqjo aqx •sasnia-oijA[ 
-ottiaq aqj Suijup Aqniaadsa ‘uijapisomaq jo junouin a§jnq n uinjuoa sqaa 
oijAaoSnqd aqx 'uiuqaqjida inpipun'|S ajqmasai Xnui s'liaa" Suiuq aqj pun 
‘Ajduia ‘ ajn' sasntns aqx •a.iunjnaddir oijsi jajbn.inqb AjaX n ' Sinjuasaid 
suqj 'sqaa "paj Xq paidnooo A|a.ujua si djnd aqj lin'odidoosoioij^ 'paiia 
-qaiqj si ajnsdna aqx ’paduinp'ajn spssaA aqj 'ssa|im qpiq "uriCjqnjapiS'troa 
sasop jt pnAouiai jajjn jnqj os ^poojq qjpvv paqnjs si jj -qnajsjaaq n aqq 
jojoD paj jqSijq n jo pun lii Xq "Si'jj •sum.iS'dpp'x jnoqn sqSpAv pun paSjnjua 
Ajpaqinra si qaiqAV ‘uaajds aqj ui si aSmjqo Suiqujs jsoui .aqx— ’SNOisapj 

'sjaqranu aSjnj ui punoj a.in jCaqj ajaqAX uaajds 
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qpxjj aqj aaAajvipYV '^opsvia axp jo uopon.i;sap aqj aoj sa^vsuadxuoa qv.v 
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SI ji aBv.a ,,'i:.iaAa ui jvq} sx xusunauv aqj jo X}i.ivqnAad guiqi-XAS •:)soui aqj^ 
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;oiitiya ;i q ‘ajqissodun si nopdiosqB sapi.i;uaA aq; nio.i; adnasa o; a'lqBiin 
si pinp aq; ji ;Bq; ;uapiAa si ;j -ajq ;ptpB iii punoj Apio a.iB qaiq.w, iqiA 
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•iiojjBjnojp pinp jBUTdsojqaJOD oqj jo aauBqjnj 
-sip oj. jiiq Bqnpani aq:j jo Braapa jbooj b oj anp j.ou ajB sjoajja aqj J-'Rqi 
:^uapiAa si ji jnq ^/Buiapa AjBqnpara,, oj pajnqiJjjB AqBnsn si uoissajdraoa jo 
ajiijaid {BOiuip siqj^ ‘uoijBjidsaj piiB aspid aqj jo giiiAVOjs Aq pajBDipui sb 
‘B qnpaui aqj ui sja:iiiaa jbjia aqj uo ajnssajd SuisBajoui qjiAv uiBjq aqj jo asuq 
■ aqj jB pmp jo uoijB[nranooB jBaj§ b— auiBS aq; si jpisaj aqj sasBD qjoq uj 
•aoBds piouqaBJBqns jaddn aqj oj sujajsio jBSBq aq:^ raojj ssBd j.ouubo pinp 
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piouqoBJBqns aq^, ‘qnqs aip :jsuibSb dii paqsnd si ji jj ‘agBqjJOuiaq aip Jo 
ajis aqj uo Suipuadap 'UAVop jo dn paqsnd aq oj spuaj uiBjq aqj. :juajsisjad 
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adAj siqj jo ajdraBxa jsaq aqjL 'ppip iBuidsojqajaa aqj jo uoijBpiDjp aqi ni 
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araajjxa jo si BuinBjj saiojioj qoiqAv Buiapa aqj^— -VKaag; oiivimvaj;, 

xvvopq raojj 
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